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A.  PERTINENT  DATA 


Flood  Damage  Reduction 


Massachusetts 
Suffolk  and  Essex 
Lynn  and  Revere 
Saugus  River 


Standard  Project 
Northeaster  (SPN) 


Type 

Length 

Width 

Height 

Elevation,  top 
Number  of  Gate 
Type  of  Gate 
Size  of  Gate 
Gate  Sill  Elevation 


Reinforced  concrete 
148  feet 
95  feet 

33  feet  from  gate  sill 
15  feet  NGVD 
One  (1) 

Miter  (two  (2)  leaf) 

33  ft  H  x  100  ft  W 
-18  feet  NGVD 


(2)  Flushing  Gate  Structure 


Type 

Length 

Width  of  Base 
Height  of  Base 

Elevation,  top 
Number  of  Gates 
Type  of  Gate 
Size  of  Gate 
Gate  Opening 
Gate  Sill  Elevation 


Reinforced  concrete 
588  feet 
52  feet 

29  feet  from  bottom  of 
opening 
15  feet  NGVD 
Ten  (10) 

Tainter 

15  ft  H  x  50  ft  W 
14  ft  H  x  50  ft  W 
-14  feet  NGVD 


Concrete  Gravity  Wall/Access  Road 


Type 

Elevation,  top 
Width,  top 
Length,  overall 
Height 

Earth  Dike 

Type 

Elevation,  Top  of  Dike 

Top  Width 
Length,  overall 
Height 

Upstream  slope 
Downstream  slope 

I -Wall  &  Ranrn 

(1)  I-Wall 
Type 

Elevation,  top 
Top  Width 
Length 
Height 

(2)  Ramp 
Type 


Elevation 

Length 

Cofferflflffl  (for  construction) 

(1)  Ring  Wall  Cofferdam 
Type 

Size 

Height 


Mass  concrete 

Reinforced  concrete 

15  feet  NGVD 

14  feet 

280  feet 

Varies 


Earth  fill  with  stone 
slope  protection 
18  feet  NGVD,  Max  (Design 
Top  El.  15) 

16  feet 

220  feet  (with  overlap) 
Varies 
IV  on  3H 
IV  on  3H 


Steel  sheet  pile  with 

reinforced  concrete  cap 

15  feet  NGVD 

1.5  feet 

100  feet 

Varies 


Earth  fill  with  stone 

slope  protection,  gravel 

roadway 

Varies 

100  feet 


Steel  sheet  pile 
box  girder 
210  feet  inside 
diameter 

42.5  feet  above  Dredged 
River 


A 


h. 

Cofferdam  (for  construction)  Continued 

(2)  Braced  Cofferdam 

Type 

Steel  sheet  pile  bracing 

Width 

60  feet  (I-I  of  piling) 

Length 

Varies 

Height 

37  feet  above  Dredged 

i. 

Principal  Quantities 

River  bottom 

Dredging 

114,200  cy 

Concrete 

24,000  cy 

Concrete  Piles 

90,000  If 

Steel 

3,000  ton 

Miter  Gate  33'  x  100'  (opening) 

1  each 

Tainter  Gate  15'  x  50'  (opening) 

10  each 

LW  HARBOR; _ DIKES  AND  WALLS 

a. 

Purpose 

Flood  damage  reduction 

b. 

State 

Massachusetts 

County 

Essex 

City 

Lynn 

c . 

Uvel  Pf-PEoteptipn 

Frequency 

SPN 

d. 

Dikes 

Type 

Impervious  fill,  with 

Elevation,  top 

underlayer  and  stone 
slope  protection 

17.0  ft  NGVD  (1800  If)  and 

Width,  top 

15.0  ft  NGVD  (2600  If) 

12  feet 

Length,  overall 

4400  feet 

Height 

17  to  22  feet  above  sand 

Area  Displaced 

flats 

8  acres 

Seaward  Slope 

IV  on  2H 

Lands ide  Slope 

IV  on  2H 

A 
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e . 


Type 

Elevation,  top 

Length 

Height 

f.  Steel  Sheet  Ella  tags 

Type 

Elevation,  top 
Length,  overall 
Height 


g.  I -Wall 
Type 

Elevation,  top 
Length 
Width,  top 
Height 

h.  Gravity  Wall 
Type 

Elevation,  top 
Length 
Width,  top 
Height 

i.  I -Wall 

Type 

Elevation,  top 

Length 

Height 

j •  Interior  Drainage 
Type 

Pipe  Size 

Pipe  Type 
Length,  overall 
Gate  Size 
Gate  Type 


Steel  sheet  piling 

15.0  feet  NGVD 
1435  feet 

5.0  feet  above  landside 


Steel  sheet  piling 
15  feet  NGVD 
1100  feet 

5  feet  above  existing  SSP 
wall 


Reinforced  concrete  wall 
on  steel  sheet  piling 
14.0  feet  NGVD 
780  feet 

1.5  feet  concrete  wall 
6  feet  exposed 


Mass  concrete 
14.0  feet  NGVD 
1080  feet 
1  foot 

1  foot  exposed 


Reinforced  concrete 
14  feet  NGVD 
100  feet 
14  feet  exposed 


Gravity 

12",  18",  24", 36",  48", 
72"and  84" 

Reinforced  concrete 
1650  feet 

84,  72,  48,  36  and  18  inch 
Sluice 
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k.  "Heritage  Park"  Storm  Drain 
Type 

Location 

Size 

Gate  Type 

l.  Principal  Quantities 

Excavation 
Random  Fill 
Compacted  Random  Fill 
Dumped  Granular  Fill 
Stone  Protection 
SSP  PZ  -  27 
SSP  PZ  -  40 

3.  POINT  QF  PINES 

a.  Purpose 

b.  Location 

State 

County 

City 

c.  Level  <?f  Protection 

Frequency 

d.  Stone  Revetment 
Type 


Elevation,  top 


Width,  top 
Length,  overall 
Height 

Area  Displaced 
Seaward  Slope 
Access  Steps 

e.  Concrete  T-Wall 

Type 

Elevation,  top 
Width,  top 
Length 

Height,  Maximum 
Vehicular  Gate 
Access  Steps 


Gravity 
Heritage  Park 
72  inch 
Sluice 


36,700  cy 
13,300  cy 
13,300  cy 
46,000  cy 
21,400  cy 
165  tons 
543  tons 


Flood  damage  reduction 


Massachusetts 

Suffolk 

Revere 


100  year 


Armor  stone  face,  stone 
underlayer  and  gravel 
bedding 

16.0  ft  NGVD  (870  If) 
14.5  ft  NGVD  (450  If) 
14.0  ft  NGVD  (1600  If) 
13.2  ft  NGVD  (230  If) 

10  to  22  feet 
3,150  feet 

14.5  *  16.0  feet  above 
existing  beach 
5  acres 
IV  on  3H 

Various  locations 


Reinforced  concrete 
14  to  15.0  feet  NGVD 
1.0  feet 
700  feet 

10.0  feet  exposed  beach  side 
10.0  feet  wide,  stop  log 
1  each 
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Dunes  (Restore) 

Type 

Sand 

Elevation,  top 

14.0  to  16.0  feet  NGVD 

Length 

1600  feet 

Crossovers 

end  of  streets 

Concrete  Cap 

Type 

Reinforced  concrete 

Elevation,  top 

14.0  feet  NGVD 

Length 

200  If 

Width,  top 

5  feet 

Height, 

1.7  feet  above  existing 
wall 

BSflSh  Replacement 

Sand 

Top  El.  6.0  ft  NGVD 

Top  Width  30  feet 

Principal  Quantities 

Armor  Stone 

35,700  cy 

Underlayer  Stone 

20,100  cy 

Gravel  Bedding 

10,140  cy 

Excavation 

73,300  cy 

Sand  Fill 

42,200  cy  (includes 
36,000  reused) 

4-  REVERE  BEACH  PARK  DIKE 


a. 

PWIP<2.S.g 

Flood  damage  reduction 

b. 

Location 

State 

Massachusetts 

County 

Suffolk 

City 

Revere 

c . 

Level  of  Protection 

Frequency 

SPN 

d. 

Dike 

Type 

Stone  slope  protection, 
gravel  bedding  and 
impervious  core 

Elevation,  top 

23  feet  NGVD 

Width,  top 

10  feet 

Length 

3400  feet 

Height 

15  feet 

Area  Displaced 

12.0  acres 

Seaward  Slope 

IV  on  2.5H 

Lands ide  Slope 

IV  on  2.5H 

Vehicle  Access  Gate 

1  -  Stop  Log  Structure 
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Excavation  General 
Stone  Protection 
Compacted  Random  Fill 
Topsoil  Seeded 
Random  Fill 
Mass  Concrete 
Gravel  Bedding 


Mass  concrete 

20  &  23  feet  NGVD  (Max.) 

2.0  feet 

1200  feet 

Varies 


Earth  berm,  paved  surface 
20  feet  NGVD 
900  foot  Total 


Reinforced  concrete  and 
Mass  concrete/Timber  Log 
22  feet  NGVD 
30  feet 
10  feet 


Steel  sheet  pile  with 
reinforced  concrete  cap 
22  feet  NGVD 
1.5  feet 
70  feet 

10  feet,  exposed 


6’x6*  Sluice  Gate  (Sales 
Creek)  Electric,  Mounted  on 
concrete  Headwall  of  60" 
culvert 


19,800  cy 
6,400  cy 
54,300  cy 
38,700  cy 
57,000  cy 
2 , 100  cy 
6 , 000  cy 
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5.  PONDING  AREA  AND  WALL 


a.  Purpose 

Flood  Vater  Storage 

b.  Location 

State 

MA 

County 

Suffolk 

City 

Revere 

c .  Type 

Concrete  Gravity  Wall 

Elevation,  top 

12-16  ft  NGVD 

Length 

500  feet 

Height 

3-7  feet 

d.  Principal  Quantities 

Excavation 

750  cy 

Compacted  Random  Fill 

400  cy 

Gravel  Bedding 

125  cy 

Topsoil  and  Seed 

500  sy 

Concrete 

525  cy 

6.  MITIGATION  CLAM  FIAT  AREA 


a. 

Purpose 

Mitigation 

b. 

Lfisatlvn 

State 

MA 

County 

Suffolk 

City 

Revere 

c. 

&I££ 

Clam  Flats 

10  Acres 

Marsh  Grass 

2 . 5  Acres 

Buffer  Zone 

0.5  Acres 

Berm 

1  Acre 

d. 

Clam  Flat  Basin 

Top  Elevation 

9  ft  NGVD 

Bottom  Elevation 

-4  ft  NGVD 

D-  II 


e .  Berm 

Top  Elevation 
Bottom  Elevation 
Top  Width 
Side  Slopes 

f .  Principal  Quantities 

Excavation 
Salty  Sand 
Clean  Sand 
Peat 

Berm  -  Sand  Fill 

7.  ESTUARY  STORAGE  AREA 

a.  Purpose 

b.  Location 

State 

County 

Community 

c.  Storage  Capacity 

d.  Area 

e.  Storage  Area 

8.  MAINTAIN  EXISTING  REVERE  BEACH 

a.  Pvrpdgg 

b.  LpsaUon 

State 

County 

City 

c.  Seawall  Length 
Seawall  Height 

d.  Beach  Length 

Beach  Height  and  Slope 


11  ft  NGVD 

9  ft  NGVD 

10  feet 
1  on  3 


110,000  cy  (Stockpile  35,000  cy) 
76,000  cy  (Stockpile  20,000  cy) 
4,000  cy  (To  disposal  Site) 

3 , 000  cy 


Flood  Water  Storage 


MA 

Suffolk  and  Essex 
Lynn,  Revere  and  Saugus 

5400  Acre  -  feet 

1500  to  1600  Acres 

El.  2  to  8  ft  NGVD 


Flood  Damage  Reduction 


MA 

Suffolk 

Revere 

14,540  Feet 
Varies 

13,000  Feet 
Varies 


i 
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B.  SELECTED  PLAN 


The  selected  plan  consists  o£  dikes,  vails,  revetments,  dunes,  beach 
reconstruction  and  a  floodgate  structure.  The  floodgate  structure 
includes  a  navigation  and  10  flushing  gates  housed  in  a  mass  and 
reinforced  concrete  structure  located  at  the  mouth  of  the  Saugus  River. 

The  project  extends  north  approximately  8900  feet  along  the  Lynn  shoreline 
of  Lynn  riarbor  and  south  about  20,000  feet  along  the  Point  of  Pines  and 
Revere  Beach  areas  of  Revere  (see  Plate  Dl).  As  formulated  the  project 
provides  protection  to  the  shoreline  and  backshore  areas  of  Revere,  Lynn, 
Malden  and  Saugus  from  a  point  just  north  of  Elliot  Circle  in  Revere  to 
the  Lynn  Harbor  area  of  Lynn.  Included  in  this  area  are  5000  buildings 
and  General  Electric's  "Lynn"  plant  which  manufactures  jet  engines  and 
steam  turbine  generators  for  the  U.S.  Government. 

C.  DESCRIPTION  OF  PROPOSED  STRUCTURES  AND  IMPROVEMENTS 

1.  GENERAL 

The  selected  plan  shown  on  Plate  Dl,  is  based  around  a  floodgate 
structure  approximately  1300  feet  in  length  located  at  the  mouth  of  the 
Saugus  River.  This  structure  contains  a  navigation  gate  and  "flushing 
gates"  to  facilitate  boat  traffic  and  tidal  flows.  At  its  northern  or 
Lynn,  MA  end  this  structure  ties  into  a  stone  faced  dike.  The  dike 
extends  northward  along  the  Lynn  Harbor  shorefront  approximately  3100 
feet.  At  that  point  the  protection  changes  to  a  steel  sheet  pile  wall  and 
continues  northward  approximately  3100  feet  where  it  ties  into  a  second 
stone  faced  dike.  This  second  dike  continues  along  the  shoreline  for 
about  1100  feet  before  tying  into  a  concrete  floodwall.  The  floodwall,  a 
combination  of  gravity  wall,  I-wall  and  T-wall  sections,  extends  northward 
approximately  1400  feet  and  ties  into  existing  high  ground  at  the  northern 
end  of  the  project  opposite  Heritage  Park. 

At  its  southern  or  Revere,  MA  end,  the  floodgate  structure  ties 
into  a  concrete  floodwall  which  extends  about  700  feet  along  the  Saugus 
River  to  the  "Point"  at  Point  of  Pines.  From  this  location  a  concrete 
cap,  about  200  feet  in  length,  is  constructed  on  top  of  an  existing  wall 
to  raise  it  to  the  required  level  of  protection.  From  the  end  of  the 
existing  wall  the  line  of  protection  extends  southward  along  the 
shorefront  to  Carey  Circle  a  distance  of  about  3150  feet.  Within  this 
reach  the  project  consists  of  a  stone  faced  revetment  fronted  by  a  sand 
dune  and  beach  on  the  waterside  which  reduces  wave  run-up  and  overtopping. 

From  Carey  Circle  southerly  to  Elliot  Circle,  a  distance  of  about 
14,000  feet,  the  project  consists  of  maintaining  the  existing  beach  and 
seawall  along  Revere  Beach,  supplemented  in  one  area  by  a  shoreward  dike 
located  betveen  Beach  Street  and  Revere  Street  and  following,  or 
paralleling,  the  Boulevard  along  the  existing  beach.  This  dike,  about 
3400  feet  in  length  and  centered  about  150  feet  shoreward  of  the  existing 
seawall,  provides  protection  against  wave  overtopping  and  flooding  of 
lovlying  areas  behind  the  beach. 
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Additional  components  of  the  project  include:  a  sluice  gate  and 
structure  located  at  the  Heritage  Park  area  of  Lynn,  MA  for  a  72  inch 
storm  drain;  a  6'  x  6'  sluice  gate  structure  on  Sales  Creek  located  near 
the  intersection  of  Revere  Beach  Parkway  and  North  Shore  Road  near  the 
Suffolk  Downs  racetrack,  and  a  sandbag  closure  across  the  HBTA  rail  line 
beneath  the  Beach  Street  overpass.  The  features  are  required  to  prevent 
tidal  inflows  from  circumventing  the  line  of  protection  and  entering  into 
the  protected  area.  In  addition  a  ponding  area,  located  toward  the 
northern  end  of  Revere  Beach,  will  act  as  a  storage  area  to  collect  runoff 
from  wave  overtopping.  The  ponding  area  will  be  located  just  north  of 
Sea  View  Condos  and  will  include  a  concrete  wall  500  feet  long.  The  wall 
follows  an  old  narrow  gauge  railroad  embankment  between  North  Shore  Road 
and  Revere  Beach  Boulevard.  Temporary  sandbag  closures  are  needed  across 

the  Boulevard  at  the  wall  and  at  Carey  Circle  to  direct  water  toward  the 

ponding  area. 

A  mitigation  area  includes  excavating  a  tidal  basin  underneath 
about  14  acres  of  the  existing  1-95  sandfill  near  Copeland  Circle.  About 
10  acres  would  be  seeded  with  clams  and  3  acres  with  upland  or  marsh 
grass.  A  protective  berm  covering  one  acre  is  needed  around  the  basin. 

For  flood  water  storage,  protection  of  5400  acre-feet  of  storage 
is  required  in  the  estuary.  Also,  the  existing  Revere  Beach  and  seawall 
must  be  maintained  to  continue  to  reduce  damages. 

2.  SAUGUS  RIVER  FLOODGATE  STRUCTURE 

The  Saugus  River  Flood  Gate  structure  is  sited  at  the  mouth  of 

the  Saugus  River  where  it  enters  Broad  Sound  (See  Plate  D2A) .  The  overall 

length  of  the  structure  is  1275  feet.  The  main  elements  of  the  structure 
consist  of  one  navigation  gate,  ten  "flushing"  gates,  a  stone  faced  dike 
and  concrete  gravity  and  "I"  walls  shown  on  Plates  D2  to  D4.  The 
navigation  gate  has  an  overall  width  of  100  feet  and  is  centered  upon  the 
existing  Saugus  River  navigation  channel.  The  width  of  the  gate  opening 
is  sized  to  allow  safe  passage  of  vessels  of  the  size  currently  utilizing 
the  channel  and  equals  the  navigation  opening  of  the  General  Edwards 
highway  bridge  (Rt.lA)  located  700  feet  upstream  on  the  Saugus  River. 
Closure  of  the  gate  opening  is  by  a  miter  gate  consisting  of  33  foot  high 
by  100  foot  wide.  The  sill  elevation  of  the  structure  is  at  -18.0  feet 
NGVD,  matching  the  bottom  elevation  of  the  existing  navigation  channel. 

To  the  south  and  north  of  the  navigation  gate  are  respectively  one  (1)  and 
nine  (9)  each  flushing  gates.  These  gates  are  designed  to  allow  tidal 
flows  to  occur  as  close  to  the  existing  pre-construction  conditions  as 
possible  and  minimize  any  increase  in  flow  velocity  that  would  occur  as  a 
result  of  a  decrease  in  waterway  area.  Each  gate  opening  is  14  feet  high 
by  50  feet  wide.  Gate  sill  elevations  are  set  at  -14.0  feet  NGVD.  A 
detailed  description  of  the  navigation  and  flushing  gates  is  presented  in 
later  paragraphs.  The  river  would  be  dredged  to  Elevation  -14  ft  NGVD,  as 
shown  on  Plate  D2A. 

At  the  northern  end  of  the  flushing  gates,  the  structure 
transitions  to  a  140  foot  long  gravity  wall  which  ties  into  the  proposed 
Lynn  Harbor  Dike.  The  top  of  this  gravity  wall  is  set  at  15  feet  NGVD. 

At  it’s  southern  end  the  floodgate  structure  transitions  to  another 
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concrete  gravity  wall,  approximately  140  feet  long,  which  ties  into  a 
stone  faced  dike.  This  dike,  220  feet  long  (165’  plus  55'  overlap  of  the 
gravity  and  I-Wall),  ties  into  a  100  foot  long  steel  sheet  pile  concrete 
capped  floodwall  which  in  turn  ties  into  existing  ground  and  a  new 
concrete  T-Wall  at  the  Point  of  Pines  area  of  Revere. 

Access  to  the  floodgate  structure  is  via  two  roads,  one  from 
Lynnway  and  an  access  road  and  parking  area  on  the  north  or  Lynn  side  and 
the  other  from  Point  of  Pines  at  Rice  Avenue.  These  roads  provide  access 
to  the  floodgate  structure  both  for  operational  and  maintenance 
requirements .  The  roads  are  secured  by  gates  to  provide  against 
unauthorized  entry  onto  the  structure.  To  discourage  boats  and  swimmers 
from  passing  through  the  tainter  gates,  floating  log  booms  and  other 
measures  would  be  investigated  during  design. 

2A.  GATE  DESIGN 

Several  different  gate  designs  were  investigated  for  both  the 
navigation  gate  and  the  flushing  gates. 

Three  different  types  of  gates  were  looked  at  for  the  navigation 
opening.  They  were:  sector  gates,  miter  gates  and  drum  gates.  A  bottom 
hinged  flap  gate,  similar  to  the  one  used  at  the  Stamford  CT.  Hurricane 
Protection  Project,  was  not  investigated  due  to  various  problems  that  have 
been  experienced  using  that  design.  The  drum  gate  was  not  evaluated  in 
detail  since  its  mechanical  first  cost  was  the  same  as  the  miter  gate,  and 
it  required  much  more  excavation.  The  drum  gate  structure  would  be 
located  below  the  river  bottom,  almost  40  feet  deeper  than  the  miter 
gate.  There  are  also  concerns  on  the  design  of  a  cofferdam  for  drum  gates 
retarding  flows  in  the  river.  The  sector  gate  and  miter  gate  were 
evaluated  for  the  navigation  gate.  The  miter  gate  was  selected  due  to  its 
much  lower  cost  than  the  sector  gate. 

Several  different  alternatives  were  also  looked  at  for  the 
"flushing”  gates.  These  included:  sluice  gates,  flap  gates,  roller 
gates,  drum  gates  and  tainter  gates.  All  flushing  gate  alternatives, 
except  the  tainter  gates,  were  considered  to  be  of  a  corrosion  resistant 
design  since  they  would  be  located  within  the  normal  tide  range.  The 
tainter  gate  vould  be  situated  such  that  the  trunnion  would  be  out  of  the 
tide  range  the  majority  of  the  time.  The  sluice  and  flap  gates  would  be 
manufactured  of  a  2  percent  cast  iron.  Roller  gates  would  be  manufactured 
from  stainless  steel.  All  embedded  portions  of  the  gates  would  be  made 
from  Ni*resist  cast  iron.  For  this  study,  it  was  assumed  that  sluice, 
flap,  and  roller  type  flushing  gates  would  be  hydraulically  operated  to 
minimize  the  electric  service  required  at  the  site.  The  tainter  gates 
vould  be  operated  by  electric  hoist.  ' 

2B.  DESIGN  OF  FLOODGATE  STRUCTURE 

a.  Miter  Gate  Abutments.  Layout  of  the  concrete  abutments  for 
the  miter  (navigation)  gate  was  predicted  by  the  following  controls: 

(1)  The  top  elevation  of  the  abutments  is  set  at  elevation  15.0 
feet  NGVD,  based  on  a  SPN  Stillwater  level  at  elevation  12.0  feet  plus 
three  (3)  feet  of  freeboard  to  preclude  significant  wave  overtopping. 
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(2)  The  still  is  at  elevation  -18.0  feet,  matching  the  elevation 
of  the  existing  channel  bottom. 

(3)  The  width  of  the  navigation  opening  is  100  feet,  the  same  as 
the  existing  width  of  the  navigation  opening  under  the  General  Edwards 
Bridge . 


The  preceding  controls  combined  with  the  guidance  on  basic 
dimensions  presented  in  EM  1110-2-2703,  "Lock  Gates  and  Operating 
Equipment,"  were  used  to  formulate  a  conceptual  design  for  the  abutments. 
No  structural  design  calculations  for  the  abutments  were  prepared  for  this 
study. 


Since  the  foundation  materials  for  the  tidal  floodgate  structures 
are  highly  compressible,  the  structures  will  be  supported  by  piles  driven 
to  bedrock.  An  assumed  pile  layout  for  the  abutments  was  used  to  develop 
quantities  for  this  study. 

b.  Tainter  Gate  Monoliths.  Concrete  monoliths  for  the  ten  (10) 
tainter  (flushing  gates  were  detailed  based  on  the  following  controls: 

(1)  The  top  elevation  is  set  at  elevation  15.0  feet  NGVD. 

(2)  The  sill  is  set  at  elevation  -14.0  feet  for  hydraulic 
requirements . 

(3)  The  trunnion  is  set  at  elevation  6.0  feet  to  be  out  of  the 
tide  range  (mean  high  water  is  at  elevation  5.0  feet)  a  majority  of  the 
time. 


Preliminary  structural  calculations  were  prepared  to  verify  the 
reasonableness  of  the  proposed  concrete  monolith  and  to  develop  a 
foundation  pile  layout.  Both  steel  and  prestressed  concrete  foundation 
piles  were  analyzed  and  determined  to  be  suitable.  Based  on  discussions 
with  local  pile  driving  contractors,  it  appears  that  prestressed  concrete 
piles  will  be  more  economical.  Accordingly,  cost  estimates  for  all  the 
tidal  floodgate  structures  were  developed  assuming  the  use  of  prestressed 
concrete  foundation  piles. 

c.  Gravity  Walls.  The  concrete  gravity  walls  at  both  ends  of 
the  tidal  floodgate  have  a  top  elevation  of  15.0  feet  NGVD  and  a  stepped 
bottom  elevation  assumed  to  be  located  four  (4)  feet  below  the  existing 
mudline.  A  wall  cross  section  was  developed  by  assuming  the  base  width  of 
wall  to  be  approximately  equal  to  75  percent  of  the  exposed  wall  height. 

An  assumed  layout  of  foundation  piles  for  the  gravity  walls  was  used  to 
develop  quantities  for  this  study. 

d.  I -Wall.  An  I-wall,  consisting  of  PZ-27  steel  sheet  piles 
with  a  reinforced  concrete  cap,  was  adopted  to  form  the  closure  between 
the  tidal  floodgate  dike  and  the  concrete  floodwall  at  the  Point  of  Pines 
area  of  Revere.  The  proposed  wall  is  of  the  type  typically  used  on  Corps' 
projects  where  a  transition  between  a  dike  and  concrete  structure  must  be 
made.  However,  preliminary  civil  layout  indicates  that  the  height  of  fill 
to  be  retained  by  this  wall  is  the  maximum  for  which  an  I-wall  would  be 
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structurally  adequate.  The  suitability  of  the  I-wall  will  be  assessed 
during  the  design  phase  when  the  layout  of  project  features  is  refined. 
High  cost  estimate  contingencies  have  been  included  to  reflect  this 
uncertainty . 

e.  A  scheme  using  a  ring  cofferdam,  within  which 
the  navigation  gate  would  be  constructed,  and  a  braced  cofferdam,  within 
which  the  flushing  gates  and  gravity  walls  would  be  constructed,  is 
preliminarily  judged  to  be  the  most  economical  means  of  de-watering.  The 
ring  cofferdam  was  patterned  similar  to  the  cofferdam  design  prepared  by 
the  Mew  Orleans  District,  Corps  of  Engineers,  for  the  Larose  Floodgate 
Bypass  Channel  located  in  Grand  Isle,  Louisiana.  The  proposed  ring 
cofferdam  consists  of  a  cell,  210  feet  in  diameter,  formed  with  PZ-27 
steel  sheet  piles  and  internally  braced  with  circular  steel  box  girders  at 
several  levels.  A  preliminary  analysis  was  performed  to  determine  size 
(Stillwater  elevation  9.1  feet  NGVD  plus  a  2.5  foot  wave).  The  braced 
cofferdam  consists  of  vertical  steel  sheet  piling  which  is  internally 
braced  by  a  system  of  wales  and  struts.  Preliminary  structural  analysis 
was  performed  to  determine  the  size  and  required  penetration  of  the  sheet 
piles,  and  to  size  internal  bracing  members.  The  braced  cofferdam  was 
designed  to  withstand  a  10  year  event  as  described  above. 

f.  Sea  Level  Rise.  For  this  study,  the  structural  features 
(miter  gate  abutments,  tainter  gate  monoliths,  gravity  walls,  and  I -wall) 
of  the  floodgate  have  been  designed  for  existing  tidal  conditions,  i.e. , 
SPN  Stillwater  elevation  of  12.0  feet  NGVD  plus  a  2.5  foot  wave. 

Historical  sea  level  rise,  approximately  one  (1)  foot  per  century,  is  not 
expected  to  cause  any  damage  to  structural  features  of  the  tidal 
floodgate.  During  the  design  phase,  stability  of  all  structural  features 
will  be  checked  for  tidal  conditions  associated  with  the  historic  rate  of 
sea  level  rise. 

Accelerated  sea  level  rise,  at  the  maximum  estimated  rate  of  four 
(4)  feet  per  century,  has  not  been  addressed  in  the  proposed  designs  or 
construction  cost  estimates  presented  herein.  Although  no  effort  was  made 
to  incorporate  design  features  to  facilitate  future  changes,  retrofitting 
of  the  proposed  structural  features  appears  feasible. 

2C.  EARTH  DIKE 

The  Geotechnical  Appendix  explains  the  design  of  the  earth  dike 
for  the  floodgate  structure.  It  also  includes  revetments  and  dikes  used 
for  other  project  features. 

3.  DOM  HARBOR  -  DIKES  AND  WALLS 

Beginning  at  the  northern  end  of  the  floodgate  structure,  the 
protection  consists  of  a  series  of  stone  faced  revetments  or  dikes,  steel 
sheet  piling  walls  and  concrete  walls.  The  overall  length  of  the 
protection  is  about  8900  feet,  and  extends  from  the  floodgate  structure, 
at  the  mouth  of  the  Saugus  River,  northward  along  the  Lynn  shoreline  to  a 
point  at  the  west  corner  of  the  Heritage  Park  area  of  Lynn,  where  it  ties 
into  existing  high  ground.  Plans  and  sections  are  shown  on  Plates  D5  to 
D8 . 
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AC  various  locations  along  Che  Lynn  (and  Revere)  shorefronts 
sandbag  closures  are  included.  These  closures  vould  be  evaluaced  in  final 
design  for  scop  log  closures  and/or  road  raising. 

Fro*  che  floodgate  structure ,  a  stone -faced  dike  extends 
northward  3300  feet.  The  Cop  of  Che  first  1800  feet  of  Che  dike 
(Reach  "B")  is  sec  aC  elevation  17.0  feet  NGVD  and  is  12  feet  in  width 
(See  Place  05) .  The  waterside  face  of  Che  dike  is  sloped  IV  on  2H  with  a 
three  layer  scone  protection  system  consisting  of  3  feet  of  stone 
protection  over  a  12  inch  stone  bedding  layer  placed  over  a  12  inch  layer 
of  gravel  bedding.  At  che  top  of  the  dike  the  stone  protection  is  reduced 
to  a  thickness  of  2.5  feet  and  extends  at  this  thickness  across  the  top  of 
the  dike  ending  at  the  top  of  che  lands ids  slope.  The  landside  face  is 
also  on  a  IV  to  2H  slope  and  is  comprised  of  the  12  inch  stone  bedding 
layer  over  the  12  inch  gravel  bedding  layer. 

At  the  northern  end  of  the  above  section,  the  dike  transitions  to 
a  reduced  section.  This  reduced  section  continues  for  a  distance  of  1500 
feet  (Reach  ”C")  (See  Plate  D6) .  The  section  is  similar  to  the  first  1800 
feet  except  that  the  top  elevation  is  sec  at  15.0  feat  NGVD  and  the  stone 
protection  is  reduced  to  two  layers  in  thickness.  On  the  water  side  slope 
the  protection  consists  of  a  2  foot  scone  protection  layer  over  a  12  inch 
gravel  bedding  layer.  The  stone  protection  reduces  in  thickness  to  1.5 
feet  at  the  top  of  the  dike  and  continues  across  Che  top  to  the  landside 
edge.  The  12  inch  gravel  bedding  layer  continues  down  the  landside  face 
of  the  dike  on  a  IV  on  2H  slope  (Sea  Plate  D8). 

Beginning  at  the  end  of  the  dike  che  protection  consists  of  a 
series  of  walls  of  varying  types  extending  a  distance  of  about  3100  feet 
(Reach  "D")  as  shown  on  Plate  06.  This  reach  begins  with  a  steel  sheet 
pile  wall  consisting  of  PZ-27  steel  sheet  piles  (SSP)  with  a  top  elevation 
set  at  15  feet  NGVD.  The  wall  is  constructed  with  steel  tie  backs  located 
10  feet  on  center.  The  wall  extends  along  che  alignment  of  the  existing 
bulkhead  to  a  point  at  che  southerly  comer  of  the  existing  Gas  Wharf 
Inlet,  a  distance  of  approximately  1035  feet.  A  30  foot  long  stoplog 
structure,  190  feet  south  of  the  end  of  this  wall,  is  provided  for  the 
existing  EDIC  Pier  (not  shown) . 

The  SSP-Wall  ties  into  an  existing  sheet  pile  wall  along  the 
southside  of  che  Inlet  that  will  be  modified  with  a  5  foot  high  PZ-40  SSP 
extension  added  to  che  top  of  this  existing  wall  in  order  to  bring  it  to 
the  required  level  of  protection.  This  wall  extends  for  a  distance  of  280 
feet  and  includes  a  timber  platform  for  visibility  in  off/on  loading 
vessels.  At  its  end,  the  wall  ties  into  an  existing  concrete  building. 

The  building  is  one  of  two  floodproofed  concrete  structures  that  will  form 
a  part  of  the  line  of  protection.  A  30  foot  long  PZ-40  SSP-Wall  will 
connect  the  two  buildings  in  order  to  complete  the  protection.  From  the 
northerly  side  of  the  second  flood-proofed  building  there  is  a  30  foot 
long  stoplog  structure,  a  short  distance  from  this  building,  which  would 
provide  access  for  an  existing  boat  crane.  From  this  point  there  is  a 
370  foot  long  PZ-40  SSP-Wall  which  would  replace  an  existing  retaining 
wall.  This  new  wall  would  tie  into  an  existing  SSP-Wall  located  outside 
the  limits  of  the  spill  containment  dike  of  the  Boston  Gas  Company.  The 
existing  SSP-Wall  has  a  top  elevation  of  10  feet  NGVD.  To  bring  this  up 
to  the  required  elevation  of  15  feet  NGVD.  a  5  foot  SSP  (PZ-40)  extension 
would  be  welded  to  the  existing  pile  wall. 
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This  wall  extends  northward  630  feet  to  the  south  corner  of  the 
Lynn  Harbor  Marine  boat  ramp  entrance  channel.  At  the  entrance  channel, 
the  protection  changes  to  a  concrete  I-wall.  This  I -wall,  which  is  set  on 
top  of  PZ-27  SSP,  extends  for  520  feet.  Along  the  wall  is  a  40  foot 
stoplog  structure  and  a  60  inch  pipe  closure  structure  and  sluice  gate. 
Beginning  at  the  end  of  the  I -wall  the  protection  consists  of  a  5  foot  SSP 
(PZ-40)  extension  which  is  welded  to  the  top  of  an  existing  SSP- Wall. 

This  extends  northward  for  a  distance  of  190  feet  and  ties  into  a  new 
stone  faced  dike  (Reach  "E"). 

This  new  dike  replaces  an  existing  stone  revetment.  The  new  dike 
section  is  the  sinilar  to  the  dike  section  located  in  Reach  "C"  and 
described  above.  This  dike  is  1100  feet  long  and  ties  into  a  Lynn  Harbor 
Development  Project. 

The  ground  level  for  the  development  is  being  filled  to  13+-  feet 
NGVD  (maximum  height  may  reach  18  ft  NGVD) .  In  order  to  provide  the  SPN 
level  of  protection  (14  ft  NGVD)  a  one  foot  high  concrete  gravity  wall, 
approximately  1080  feet  long,  would  be  built  behind  the  developers 
revetment. 

A  concrete  cap  I-wall,  5  feet  high  and  210  feet  long,  would 
extend  northward  from  the  end  of  the  gravity  wall  to  a  point  where  there 
are  3  existing  storm  drains,  one  each  48  inches,  84  inches,  and  72  inches 
in  diameter.  To  prevent  infiltration  of  flow  during  high  storm  tides 
sluice  gate  closures  may  be  used  for  these  drains.  During  this 
feasibility  study  minimal  analysis  of  these  storm  and  sewer  drain  systems 
was  done.  Detailed  analysis  will  be  undertaken  during  the  design  phase. 
These  sluice  gates  will  be  mounted  on  a  concrete  T-wall.  This  T-wall  is 
100  feet  long,  with  a  top  elevation  set  at  14  feet  NGVD,  and  will  extend 
from  the  end  of  the  I-wall  northwesterly  to  meet  high  ground  near  Heritage 
Park.  Depending  on  the  exact  location  of  the  El. 14  contour,  a  sandbag 
closure  to  the  Lynn  Uay  median  wall  may  be  required  (See  Plate  D7)  within 
the  freeboard  range.  In  addition  to  the  previously  referenced  storm 
drains  there  is  another  72  inch  storm  drain  at  Heritage  Park.  This  drain, 
while  outside  of  the  limits  of  the  new  construction  may  require  a  sluice 
gate  and  gate  structure  to  prevent  inflows  from  high  storm  tides. 

In  addition  to  the  sluice  gates  at  the  northern  end  of  the 
project,  modifications  to  the  existing  storm  drains  located  behind  the 
proposed  stone  faced  dike  at  the  southern  end  of  Lynn  Harbor  along  Riley 
Vay  (Reaches  "B"  and  "C")  are  also  required.  Existing  storm  drains 
discharge  into  the  harbor  at  various  locations  along  the  existing  wooden 
bulkhead  that  is  to  be  removed.  These  drains  will  have  to  be  rerouted  and 
collected  behind  the  new  dike.  About  980  feet  north  of  Riley  Uay  a  new 
storm  drain  will  intercept  and  collect  storm  water  flows  from  five  (5) 
existing  drains.  This  new  drain  flows  southward  to  meet  another  existing 
24  inch  concrete  storm  drain.  Another  12  inch  drain  470  feet  south  of  the 
existing  24  inch  drain  will  be  rerouted  to  flow  northward  to  a  new 
junction  manhole  which  will  be  built  at  the  intersection  of  these  drain 
pipes.  From  this  point  the  drain,  a  36  inch  concrete  pipe,  will  discharge 
through  a  sluice  gate  structure,  set  in  the  dike,  into  the  harbor. 
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In  addition,  there  are  two  60  inch  sever  outfalls  that  may  need  to  be 
closed  during  high  stom  tides.  This  would  be  accomplished  by  two  60  inch 
sluice  gate  closures  to  be  installed,  one  on  each  pipe. 

At  the  northern  end  of  Reach  "C"  an  existing  12  inch  drain 
outfall  located  230  feet  from  the  north  comer  of  Riley  Vay  will  be 
removed  and  the  drain  rerouted.  The  nev  12  inch  RCP  pipe  will  extend  160 
feet  toward  the  south  and  will  discharge  into  an  existing  manhole.  This 
manhole  discharges  into  an  existing  12  inch  drain  out  fall  at  the  north 
comer  of  Riley  Uay.  This  outfall  will  be  replaced  with  an  18  inch  RCP 
pipe  and  sluice  gate  closure. 


Beginning  at  the  southern  end  of  the  floodgate  structure,  at  the 
Point  of  Pines  area  of  Revere,  the  protection  consists  of;  a  concrete 
T-tfall,  a  concrete  cap  placed  on  an  existing  seawall,  a  stone  revetment 
buried  beneath  rehabilitated  and  stabilized  sand  dunes  and  stone 
revetments  fronted  with  a  reconstructed  beach.  The  level  of  protection 
for  the  Point  of  Pines  area  is  100  years.  The  structures  would  be 
designed  to  withstand  an  SPN  storm  without  failing.  Plans  and  sections 
are  shown  on  Plate  D9  and  DIO. 

Beginning  at  the  southerly  end  of  the  floodgate  structure  is  a 
concrete  T-Vall.  This  wall  extends  eastward  along  the  Saugus  River  about 
700  feet  to  the  "point"  of  Point  of  Pines  (Reach  "F").  This  wall  runs 
along  the  alignment  of  the  existing  precast  sea  wall  structure  which  would 
be  removed.  Access  for  maintenance  of  the  existing  beach  would  be 
provided  by  a  10  foot  wide  stoplog  structure  and  a  stepped  crossover. 

From  the  "point"  of  Point  of  Pines  the  protection  would  continue 
southward  along  Broad  Sound  toward  Carey  Circle.  The  first  200  feet 
(Reach  "E")  will  consist  of  a  reinforced  concrete  cap  placed  on  top  of  an 
existing  seawall.  This  will  raise  the  seawall  to  the  required  level  of 
protection. 

Continuing  south  of  this  wall  would  be  a  stone  revetment  buried 
under  rehabilitated  sand  dunes .  The  top  of  the  revetment  will  be  set  at 
elevation  14.0.  The  revetment  section  has  a  3.5  feet  thick  two  layer 
armor  stone  protection.  The  seaward  face  slopes  IV  on  3H  down  to 
elevation  5.0  ft  NGVD  (See  section  on  plate  D10).  Beneath  the  armor  stone 
there  is  an  18  inch  thick  stone  underlayer  placed  on  an  18  inch  gravel 
bedding  layer.  The  existing  sand  dunes  and  beach  will  be  restored  and 
stabilized  using  sand  fill  and  selective  planting  of  beach  grass  to 
stabilize  the  area.  In  addition  a  "sand"  catchment  fence  would  be  placed 
along  the  dune  crest  to  assure  the  development  and  continuity  of  the 
system  and  to  minimize  foot  and  vehicular  traffic  over  the  sand  dunes. 
Access  to  the  beach  will  be  provided  by  wooden  ramps,  or  walkways, 
constructed  over  the  dunes.  These  wooden  ramps  would  be  located  at 
various  sites  as  indicated  on  the  plans. 


The  reaeining  "Point  of  Pines"  protection  (Reaches  A,  B,  C  and  D) 
would  consist  of  a  stone  revetment  extending  from  Carey  Circle  northward 
connecting  with  Reach  E.  The  proposed  revetment  would  start  with  a 
transition  section  in  Reach  A  adjacent  to  Carey  Circle  and  continue 
northward  toward  Reach  E.  In  Reach  A,  the  top  elevation  would  begin  at 
13.2  feet  NGVD  and  gradually  increase  to  16.0  feet  NGVD  and  continue  to 
station  0+00,  as  shown  on  Plate  DIO.  This  top  of  protection  elevation 
would  remain  the  same  up  to  station  10+00.  At  this  location  the  top 
elevation  would  decrease  to  14.5  feet  NGVD  and  continue  to  station  14+00. 
Beginning  at  station  14+00  is  a  transition  section  between  this  rock 
revetment  and  the  previously  described  revetment  buried  beneath  the  sand 
dunes  at  Reach  "E". 

The  revetment  section  in  Reach  A  to  D  consists  of  an  8  foot 
thick,  double  layer  of  armor  stone  sloping  IV  on  3H  down  to  the  level  of 
the  existing  beach.  The  toe  of  the  slope  is  keyed  into  the  beach  sand. 
Beneath  the  armor  stone  is  a  5  foot  thick  stone  underlayer  and  an  18  inch 
thick  layer  of  gravel  bedding.  Fronting  this  stone  revetment  is  a 
reconstructed  beach  from  surplus  sand  excavated  from  under  the  dunes  for 
the  revetment.  The  beach  would  extend  from  "Reach  B"  through  part  of 
"Reach  E" .  Beginning  at  the  seaward  face  of  the  revetment  the  beach 
consists  of  a  30  foot  wide  level  berm  set  at  elevation  6.0  feet  NGVD. 

From  the  seaward  edge  of  the  berm  the  sand  slopes  IV  on  12H  down  to  the 
level  of  the  existing  beach.  (See  Plate  D10  Section)  Beach  access  would 
be  provided  by  walkways  over  the  protection  to  the  beach  area.  Depending 
on  the  suitability  of  sand  dredged  for  the  floodgates,  the  maximum  beach 
could  be  raised  to  El.  13,  50  foot  berm,  in  lieu  of  hauling  the  dredged 
material  to  the  disposal  area.  Also  in  design,  modelling  may  show  a 
built-up  beach  to  be  as  effective  and  in  lieu  of  a  revetment. 

5.  SEVERE. BEACH  PARK  DIKE 

The  Revere  Beach  Park  Dike  is  located  between  Revere  Street  and 
Beach  Street  in  Revere.  The  top  elevation  of  the  dike  is  set  at  23.0  feet 
NGVD.  The  centerline  of  the  dike  is  set  150  feet  shoreward  of  the 
existing  Revere  Beach  seawall.  The  dike  serves  to  prevent  wave 
overtopping  and  flooding  of  the  low  lying  areas  located  behind  the  beach. 
Plans  and  sections  are  shown  on  Plate  Dll. 

The  dike  begins  at  Revere  Street  and  extends  southward  3400  feet 
to  a  point  just  north  of  Beach  Street.  At  the  northern  end  of  the  dike 
the  intersection  of  Revere  Street  and  Revere  Beach  Boulevard  is  raised  to 
the  design  interior  ponding  level  elevation  of  20.0  feet  NGVD.  The 
seaward  edge  of  the  raised  section  of  Revere  Beach  Boulevard  is  supported 
by  a  concrete  retaining  wall.  Freeboard  is  provided  by  the  use  of 
sandbags  from  the  top  of  dike  to  the  north  pavilion  (#6)  seawall  during 
high  storm  tides.  At  pavilion  #6  the  Beach  lies  from  El.  10  to  15  and 
overtopping  of  the  El.  21.1  seawall  is  not  a  problem.  From  Revere  Street 
the  protection  continues  southward,  following  the  alignment  of  Ocean 
Avenue  which  is  located  Immediately  behind  the  dike.  The  top  of  the  dike 
is  10  feet  wide.  The  seaward  face  extends  on  a  flat  slope  from  the  top  of 
the  dike  to  the  landslde  sidewalk  or  retaining  wall  of  the  revised 
alignment  of  Revere  Beach  Boulevard.  The  realignment  of  Revere  Beach 
Boulevard  is  being  accomplished  as  part  of  an  MDC  Master  Plan  for 


improving  Che  Revere  Beach  area  and  is  not  a  pare  of  Che  flood  control 
plan.  The  slope  of  Che  seaward  face  varies  and  is  surfaced  with  topsoil 
creating  a  park  like  environment.  Buried  beneath  this  seaward  slope  is  a 
stone  revetment.  This  revetment,  located  immediately  seaward  of  the  dike 
centerline,  is  sloped  IV  on  2.5H  and  consists  of  an  18  inch  thick  layer  of 
stone  over  12  inches  of  gravel  bedding.  An  impervious  core  about  10  feet 
in  width  is  located  immediately  behind  this  stone  protection.  On  the 
landward  side  of  the  dike  the  fill  is  placed  on  a  IV  to  2.5H  slope  and 
consists  of  topsoil  placed  over  random  fill. 

At  a  point  1420  feet  south  of  Revere  Street  just  north  of  Shawmut  Avenue 
Extension  the  dike  ends.  A  concrete  retaining  wall  provides  support  for 
the  end  of  the  dike.  Extending  southward  from,  and  tied  into  the 
retaining  wall  is  a  concrete  floodwall.  This  wall,  90  feet  long  overall 
ties  into  the  existing  MDC  Police  Station.  The  wall  also  has  a  30  foot 
wide  stoplog  opening  which  provides  access  along  Shawmut  Avenue 
Extension.  The  seaward  face  of  the  MDC  Police  Station  has  been 
floodproofed  up  to  the  design  water  level  and  will  be  a  part  of  the  line 
of  protection.  Continuing  south  from  the  police  station,  there  is  a 
concrete  floodwall  tied  into  the  station.  This  wall  is  10  feet  in  length 
and  is  tied  into  another  retaining  wall  which  forms  the  end  of  another 
dike.  This  dike,  similar  to  the  section  described  above,  continues 
southward  for  2000  feet  to  a  point  immediately  north  of  Beach  Street.  At 
this  point  the  dike  alignment  turns  toward  Revere  Beach,  crosses  Revere 
Beach  Boulevard  and  ends  at  a  retaining  wall  located  on  the  alignment  of 
the  existing  seawall  Access  over  this  dike  is  provided  by  ramping  Revere 
Beach  Boulevard  over  the  crest  of  the  dike.  In  order  to  do  this  it  is 
necessary  to  raise  Revere  Beach  Boulevard  starting  north  of  Beach  Street 
located  just  south  of  the  dike.  The  elevation  at  the  top  of  the  ramp  is 
20.0  ft  NGVD.  Sand  bags  will  be  used  to  provide  freeboard  closure  between 
the  dike  and  new  seawall.  The  new  seawall  or  retaining  wall  ties  into  the 
Pavilion  #2  seawall  with  a  top  El.  of  18.3.  Overtopping  of  Pavilion  #2's 
seawall  is  not  a  problem  with  the  existing  beach  between  El.  11  to  15.  A 
temporary  sand  bag  closure  is  required  across  the  MBTA  tracks  under 
Beach  Street  to  prevent  flood  levels  above  the  100  year  level  from 
entering  behind  the  dike  south  of  Beach  Street.  A  sluice  gate  (6'  x  6'), 
electrically  operated,  is  required  on  the  Sales  Creek  60  inch  diameter 
culvert  to  prevent  floodwaters,  which  overtop  Bennington  Street  into 
Suffolk  Downs,  from  entering  the  Garfield  School  area.  The  sluice  gate 
would  be  mounted  on  the  concrete  headwall  on  the  Suffolk  Downs  end  of  the 
culvert. 

6-  PONDING  AREA  AND  WALL 

The  protected  ponding  area  is  located  along  Rt.  LA  behind  the 
buildings  along  Revere  Beach  Boulevard  at  the  north  end  of  Revere  Beach. 

At  the  south  end  of  the  ponding  area  is  the  old  narrow  gage  railroad 
embankment.  The  ponding  area  ends  behind  buildings  opposite  Carey  Circle 
at  the  north  end  of  Revere  Beach.  To  contain  water  in  the  ponding  area 
and  direct  its  flow  towards  the  estuary  a  concrete  wall  and  three 
temporary  closures  are  needed,  shown  on  Plate  D21  and  D22. 
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The  concrete  gravity  wall  starts  at  the  Boulevard  sidewalk  at  a 
height  of  about  three  feet  above  grade  (top  of  wall  El.  16)  and  replaces 
the  existing  retaining  wall  along  the  north  side  of  Sea  View  Towers 
driveway.  The  top  elevation  varies  down  the  slope  maintaining  a  height  of 
about  3  feet  until  the  top  of  wall  reaches  El.  12. 

The  top  of  wall  remains  at  El. 12  as  it  crosses  along  the  old 
narrow  gage  embankment  and  terminates  near  the  guardrail  at  Rt.  1A.  The 
total  length  of  the  wall  is  500  feet.  Temporary  sandbag  closures  would  be 
provided  at  each  end  of  the  wall.  A  closure  is  included  across  Revere 
Beach  Boulevard  between  the  ponding  area  wall  and  the  Revere  Beach 
seawall.  At  the  opposite  end  of  the  wall  a  closure  is  provided  across 
Rt.  1A,  if  needed,  to  direct  water  across  Rt.  1A  to  the  estuary.  The 
third  closure  may  be  needed  across  the  north  end  of  the  Boulevard  at  the 
Carey  Circle  Wall. 

7.  MITIGATION  -  CLAM  FIAT  AREA 

A  clam  flat  basin  would  be  constructed  and  developed  along  the 
north  side  of  the  1-95  embankment  about  1000  feet  east  of  Copeland  Circle 
and  immediately  south  of  the  Seaplane  Basin.  The  1-95  embankment  will  be 
cut  to  El. 9  feet  NGVD  by  others  prior  to  plan  mitigation.  The  Revere 
Beach  Erosion  Control  Project  would  remove  part  of  it  and  some  has 
currently  been  removed.  The  location  could  be  shifted  to  the  east  to  be 
totally  located  over  fill  removed  by  the  Revere  Beach  project,  if 
necessary. 

The  1-95  embankment  would  be  cut  out  for  a  13  acre  basin 
(including  10  acres  for  clam  flats)  between  El.  9  and  -4  ft  NGVD.  A  ten 
foot  wide  buffer  zone  would  remain  around  the  top  perimeter  (2200  feet 
long)  of  the  basin  and  cover  0.5  acres.  The  basin's  tides  would  flush 
through  an  opening  excavation  into  the  Seaplane  Basin.  Outside  of  the 
buffer  zone  a  permanent  berm  is  required  to  El.  11.0  ft  NGVD  to  protect 
the  basin  from  being  breached  by  storm  water  levels  approaching  El.  8  ft 
NGVD.  The  berm  would  have  a  10  foot  top  width  and  3  on  1  side  slopes  and 
would  be  used  for  access  to  the  site  after  construction. 

The  total  14  acre  site  would  have  10  acres  transplanted  with 
clams  from  the  Seaplane  Basin  flats  and  a  2.5  acre  fringe  of  marsh  grass 
transplanted  from  the  nearby  marsh.  The  0.5  acre  buffer  zone  and  1  acre 
berm  would  be  protected  with  grass.  The  buffer  zone  would  help  protect 
further  the  integrity  of  the  basin  by  reducing  erosion  of  the  basin's 
sloping  surface.  In  design  the  buffer  zone  would  be  further  considered 
for  shrubs,  boulders  or  fences  to  protect  erosion  of  the  area  from 
recreation  vehicles. 

Approximately  186,000  cubic  yards  (cy)  of  granular  materials  and 
4,000  cy  of  organic  materials  will  be  excavated  for  the  basin.  The 
granular  materials  and  peat  will  be  excavated  with  a  backhoe  or  dragline 
and  transported  by  truck  to  appropriate  areas.  It  appears  that  76,000  cy 
of  the  granular  materials  excavated  (El.  9  feet  to  El.  5  feet)  should  be 
relatively  clean.  The  clean  granular  materials  will  be  used  for  the 
Revere  Park  dike's  random  fill  section  (56,000  cy)  or  sold  for  general  use 
from  a  stockpile  located  east  of  the  basin.  The  remaining  20,000  cy  would 
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be  temporarily  stockpiled  near  the  site  for  use  by  others.  It  is  assumed 
that  the  remaining  110,000  cy  of  granular  materials  excavated  (El.  5  feet 
to  El.  -4  feet)  would  have  a  high  salt  content  because  it  is  presently 
situated  in  the  tidal  zone.  It  would  be  used  for  the:  protective  berm 
around  the  site  (3,000  cy) ;  and  dumped  granular  fill  and  random  fill 
sections  of  the  Lynn  dikes  and  walls  (72,000  cy) .  The  remaining  high  salt 
content  material  (about  35,000  cy)  could  be  used  for  various  purposes 
including  beach  maintenance  and  road  sanding.  It  would  be  stored  adjacent 
to  the  protective  berm  around  the  basin.  The  organic  materials  will  be 
trucked  off  site  to  a  disposal  area. 

8.  ESTUARY  STORAGE  AREA 

The  Saugus  and  Pines  River  estuary  would  be  used  for  flood  water 
storage  of  interior  runoff  and  tidal  overtopping  of  the  shorefront.  The 
design  storage  volume  needed  for  storage  is  5400  acre-feet  for  a  combined 
SPN  tide  event  coincident  with  a  100  year  runoff  form  the  water- shed.  For 
this  design  event,  the  required  storage  is  available  between  elevations  2 
and  8  feet  NGVD.  The  area  needed  for  storage  is  estimated  to  range  from 
1500  to  1600  acres.  During  design,  detailed  mapping  and  delineations  of 
the  storage  area  would  refine  the  acreage  and  location  of  the  storage 
area.  Plates  Dl  and  D12  to  22  show  the  estimated  locations  and  boundary 
limits  of  the  Estuary  Storage  Area. 

9.  MAINTAIN  EXISTING  REVERE  BEACH 

The  beach  and  seawall  at  Revere  Beach  must  be  maintained  so  as  not  to 
be  allowed  to  erode  or  deteriorate  below  existing  conditions  thus  allowing 
increased  overtopping  and  flooding.  The  existing  seawalls  are  about 
14,540  feet  long  bordering  the  beach  which  is  about  13,000  feet  long. 
Plates  D17  to  D31  show  profiles  of  the  existing  beach  and  seawall. 

Construction  of  the  authorized  Revere  Beach  Erosion  Control  Project 
would  meet  this  project  requirement.  With  the  Erosion  Control  Project, 
the  sand  along  the  seawalls  would  be  built  up  to  Elevation  13.4  feet  NGVD 
for  a  distance  of  50  feet  from  the  seawall  before  sloping  off  at  a  1  foot 
drop  every  15  feet  to  meet  the  existing  beach. 

The  communities  should  also  maintain  the  existing  ponding  areas  and 
tide  gates  which  reduce  flooding,  many  of  which  are  shown  on  Plates  D12  to 
D22. 

D-  OTHER  PLANS  INVESTIGATED 

Other  alternative  plans  for  flood  damage  reduction  have  been 
investigated.  A  description  of  these  plans  is  contained  in  the  Plan 
Formulation  Appendix  which  includes  Local  Protection  Plans  (shown  on  Plate 
D32),  Non- Structural  Plans  and  various  floodgate  alignments  and  locations. 

E.  CONSTRUCTION  PROCEDURE.  SEQUENCE  AND  SCHEDULE 

Construction  of  the  floodgate  structure  will  take  approximately 
3.5  years  to  complete.  This  schedule  is  based  on  8  hour  working  days,  5 
days  per  week,  52  weeks  per  year,  excluding  holidays. 
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Access  Co  che  sice  end  staging  area  for  che  main  concrece 
scruccure  will  be  from  che  MDC  property  on  che  Lynn  side.  Ic  is  here  chac 
che  concraccor  vill  score  material*,  park  equipmenc,  possibly  locace  a 
concrece  bacch  plane,  locace  concraccor  and  govemaenc  office  crailers, 
etc.  Access  for  che  earch  dike  and  related  concrete  walls  will  be  from 
Rice  Avenue. 

The  major  dredging  effort  will  be  performed  during  the  months  of 
December,  January  and  February.  Two  clam  shell  dredges  mounted  on  deck 
scows  will  be  required  during  chis  time  period.  Dredge  material  will  be 
loaded  on  dump  scows  and  cowed  Co  Che  disposal  site  in  Massachusetts  Bay. 
Additional  small  amounts  of  dredging  will  be  required  later  in  the 
construction.  Any  dredging  required  for  the  gates,  outside  the  November 
Co  February  window,  should  be  done  inside  Che  cofferdams  Co  avoid  impacts 
on  fisheries. 

Construction  of  both  che  ring  wall  and  braced  cofferdams  will  be 
done  from  a  barge.  Also,  from  a  barge,  bearing  piles  will  be  augured  and 
driven  inside  the  dog-eared  braced  cofferdams  for  che  tainter  gates. 
Bearing  piles  for  the  navigation  gate  will  be  driven  from  inside  che  ring 
wall  cofferdam. 

Construction  macerials  (concrete,  gravel,  stone  fill,  etc.)  will 
be  transported  and  placed  by  barge.  Concrete,  however  could  be  pumped 
from  che  lands ide  to  the  project  work.  Construction  materials  for  the 
earth  dike  will  probably  be  furnished  directly  to  the  site  using  16  cubic 
yard  dump  trucks  because  of  che  limited  work  area  seaward  of  Rice  Avenue. 
If  design  determines  thac  che  reuse  of  dredged  material  for  back  filling 
gate  abutments  continues  to  be  feasible,  additional  environmental 
documentation  may  be  required. 

No  excavation  was  assumed  for  the  first  phase  of  the  Revere 
dike.  This  may  change  once  a  subsurface  investigation  is  complete.  The 
earch  and  stone  fill  for  Che  dike  would  be  dumped  from  trucks,  spread  with 
dozer  type  equipment  and  compacted  if  applicable.  The  second  phase  of  che 
Revere  dike  will  be  constructed  in  a  similar  manner,  however  ic  will  not 
be  done  during  the  most  favorable  time  of  year  for  this  type  of  work. 

Cold  temperatures,  frost  and  possibly  snow  make  it  impossible  to  perform 
earch  work.  The  time  allotted  for  completion  of  this  phase  may  be 
optimistic.  Further  Investigation  should  be  conducted  Co  examine  che 
necessary  time  for  settlement.  If  secclement  time  were  reduced  it  would 
place  this  work  in  a  better  time  frame  making  for  a  more  realistic 
construction  duration. 

Construction  of  the  remaining  features  of  the  regional  plan  will 
scare  approximately  1  year  before  che  floodgate  structure.  These  features 
(i.e.  Lynn  Harbor  dikes  and  walls,  Poinc  of  Pines,  Revere  Park  dike, 
Ponding  area  wall  and  the  clam  flat  mitigation)  will  cake  at  least  1  year 
to  complete.  This  is  an  approximate  duration  and  may  be  revised  upon 
further  review  of  the  different  individual  features. 

The  following  is  che  proposed  sequence  of  construction.  The 
estimated  time  required  for  design  and  construction  are  shown  on  Figure  4A 
and  4B.  The  Park  Dike,  Ponding  Area  gravity  wall,  Lynn  Harbor  Dikes  and 
walls  and  Point  of  Pines  revetments,  dunes,  beach  and  wall  would  be 
constructed  under  the  first  contract  following  4  years  of  design, 
preparation  of  plans  and  specifications  and  contract  award. 
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The  floodgate  structure  would  be  constructed  under  a  second 
contract  starting  near  the  completion  of  the  other  features.  Construction 
would  take  about  3.5  years  to  coaplete.  It  would  be  constructed  In  phases 
shown  on  Figures  1,  2,  and  3.  The  phasing  would  maintain  a  minimum  flow 
area  below  El.  0.0  ft  NGVD  of  5200  sf  to  maintain  safe  flows  for 
navigation  and  the  natural  flushing  of  the  estuary. 

mS£  DESCRIPTION 

1.  (Figure  1) 

1A  Dredge  temporary  navigation  channel  and  river  bottom  to 

finish  grade  at  El.  -14.0  and  dredge  for  cofferdams 
(See  Plates  D2,  2A,  3  and  4).  Install  ring  cofferdam, 
then  bearing  piles  (BPs)  and  build  navigation  gate. 
Following  3  months  for  mobilization  and  dredging,  the 
gate  would  take  about  16  months  to  complete. 

IB  Concurrently,  install  braced  cofferdam  (BCD)  then  BPs 

for  first  4  tainter  gates  and  gravity  wall  on  Lynn  side 
and  construct,  then  remove  BCD. 

The  flow  area  at  mid  tide  is  about  5,500  sf  until  BCD's 
are  removed. 

2.  (Figure  2) 

2A  With  the  navigation  gate  open,  dredge  for  remaining 

BCD's  and  install  BCD  for  Revere  gate  and  construct, 
about  5  months. 

2B  With  the  Lynn  gates  #1  -#4  open,  install  BCD  then  BP's 

and  construct  remaining  five  tainter  gates  on  Lynn  side, 
over  about  a  15  month  period. 

During  phase  2A  and  2B  about  5,700  sf  of  flow  area  is 
available . 

3.  (Figure  3) 

3A  After  completion  of  the  Revere  tainter  gate  (2A)  open  it 

and  proceed  with  the  BCD  then  BPs  and  construct  the 
Revere  gravity  wall  and  I -Wall  followed  by  the  Revere 
dike  to  El.  10.0  ft  NGVD,  about  a  7  month  period. 

During  this  period,  which  overlaps  phase  2B,  at  least 
5,300  sf  of  flow  area  is  available. 

3B  During  construction  of  the  Revere  Dike  construct  the 

PZ-27  steel  sheet  pile  walls  in  Reach  D  Lynn  Harbor 
using  reused  SSP  from  the  BCD's.  After  about  a  6  month 
consolidation  period,  complete  the  Revere  dike  above 
El.  10.0  ft  NGVD  over  about  a  1  month  period. 

Following  completion  of  the  Revere  and  Lynn  gates ,  all 
gates  are  open  with  the  total  8,800  sf  of  flow  area 
available  at  peak  flow  or  mid  tide  (El.  0.0  ft  NGVD). 
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F.  CONSTRUCTION  MATERIALS 

A  description  of  the  characteristics  of  the  materials  to  be  used  in 
the  construction  of  the  embankments  and  revetments  is  contained  in  the 
Geotechnical  Appendix.  Other  construction  materials  include  steel  sheet 
piles  for  Cofferdams  and  walls,  prestressed  concrete  bearing  piles,  steel 
miter  gates  and  tainter  gates,  concrete  and  reinforcement  steel.  The 
concrete,  reinforcing  steel,  stone  and  other  bulk  fill  materials  is 
available  from  commercial  suppliers  within  a  50  mile  radius  of  the  study 
area.  The  other  items  noted  would  need  to  be  ordered  from  manufacturers 
located  outside  the  region.  Prestressed  concrete  piles  are  available  from 
"San  Vel  Concrete"  in  Ayer,  Massachusetts . 

G.  CONSTRUCTION  FACILITIES 

1.  Contractor  Facilities 

The  construction  of  the  project  will  require  a  considerable  work 
force  comprised  of  varied  construction  skills,  but  concentrated  mostly  in 
the  heavy  equipment  and  semiskilled  trades.  Within  the  greater  Boston 
area  there  is  a  sufficient  number  of  workers  who  would  commute  to  work  and 
not  require  housing  near  the  project  site.  There  would  be  a  need  for 
administration,  mobilization  and  storage  of  equipment  and  materials  at  the 
project  site.  A  few  locations  have  been  investigated  for  such  use.  These 
are;  West  of  Ocean  Avenue  between  Beach  Street  and  Revere  Street,  in 
Revere  and  the  southern  end  of  the  Lynn  Harbor  area  on  the  New  England 
Telephone  Company  property.  All  temporary  facilities  required  by  the 
contractor  would  be  removed  at  the  conclusion  of  work  and  the  site 
restored  as  required. 

2.  SffiZfinmanE  ZislUtisa 

A  field  office  would  be  required  in  the  vicinity  of  the  project. 

A  winterized  office  trailer  would  be  furnished  as  an  ancillary  obligation 
under  the  construction  cost. 
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Figures  1,  2  and  3 


PROJECT  COST  ESTIMATE 


General  Narrative: 

Project  costs  estimates  are  included  for  the  selected  plan  •  identified  as 
the  SPN  (Standard  Project  Northeaster)  plan  with  a  design  Stillwater  tide 
level  of  elevation  12  ft.  NGVD  and  two  other  plans  which  are  designed  for 
the  500  year  and  100  year  flood  levels  with  design  Stillwater  tide  levels 
of  elevation  11.2  and  10.3  ft.  NGVD,  respectively.  The  design  level 
applies  to  the  Floodgate  structure,  structure  along  Lynn  Harbor,  Revere 
Beach  Dikes  and  the  Point  of  Pines  wall  along  the  Saugus  River.  Only  the 
remaining  Point  of  Pines  shorefront  feature  are  designed  for  the  100  year 
level  in  all  three  plans.  These  estimates  are  organized  by  major 
construction  feature  and  subfeature  using  cost  account  designations.  Also 
for  the  selected  plan  a  separate  major  feature  summary  is  provided. 

Unit  prices  have  been  derived  from  recent  historical  data,  actual  quotes 
from  suppliers,  cost  reference  manuals  and  knowledge  and  experience. 

Where  appropriate,  prices  were  escalated  for  time  differences  and  adjusted 
for  location  and  site  specific  factors. 

Contingencies  are  shown  for  each  line  item.  Individual  contingencies  were 
determined  from  group  discussions  with  the  design  team  and  reflect  the 
general  level  of  design  effort  and  confidence  in  the  given  material, 
quantities  and  method  of  construction.  Contingency  values  are  carried 
forward  to  subfeatures  and  features  using  the  'contingency  amount'. 

The  Plan  Formulation  Appendix  compares  costs  developed  for  other 
alternatives,  including  Miter  vs.  Sector  gates,  Tainter  vs.  Sluice  gates, 
Cellular  vs.  Braced  Cofferdams,  alternate  floodgates  alignments,  local 
protection  and  nonstructural  plans. 

FLOODGATES:  Several  different  gate  designs  were  considered  for  both  the 
navigation  gate  and  the  flushing  gates.  These  gates  were  evaluated  for 
lowest  first  mechanical  cost.  The  costs  presented  were  based  on  actual 
quotes  from  Rodney  Hunt  Co.  of  Orange,  Massachusetts  or  derived  from 
previous  projects.  Costs  derived  from  previous  projects  were  increased  or 
decreased  on  a  square  foot  basis  to  correspond  to  the  size  gate  required 
for  the  Saugus  River  Project,  and  then  escalated  to  September  1988  costs 
using  ENR  escalation  rates. 

Navigation  Gates:  The  two  different  types  of  gates  evaluated  for  the 
navigation  opening  were  sector  gates  and  miter  gates.  The  initial  cost 
comparison  of  these  two  gates  are  shown  in  the  Plan  Formulation  Appendix. 
The  miter  gate  was  selected  since  it  would  cost  $10  million  less  than  the 
Sector  Gate. 

Cost  for  the  miter  gate  is  based  on  Olmstead  Lock  and  Dam  gate  cost  data 
supplied  by  the  Louisville  District.  Costs  supplied  were  escalated  to 
September  1988  using  ENR  escalation  rates.  The  costs  were  also  escalated 
from  the  lower  Illinois  area  to  the  Metropolitan  Boston  area  for  material 
and  labor. 
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The  base  price  of  che  miter  gate  for  the  selected,  SPN,  plan  was 
calculated  to  be  $2,805,000  which  was  increased  20X  to  provide  for 
installation  from  a  barge  and  2X  to  provide  for  cleaning  and  painting.  To 
this  price  was  added  overhead  and  profit  markups  of  20. 5X  which  resulted 
in  a  total  estimated  cost  of  $4,124,000.  A  contingency  amount  of  40X  was 
applied  to  this  feature  due  to  potential  design  changes  to  provide  added 
strength  to  withstand  wave  action  and  potential  size  or  type  of  gates 
changes  which  may  be  indicated  by  model  studies  of  the  estuary  to  be 
performed  by  the  Corps'  Waterways  Experiment  Station  (WES)  in  Vicksburg, 
Mississippi. 

Flushing  Gates:  Several  alternatives  were  also  considered  for  the 
flushing  openings.  These  alternatives  included  sluice  gates,  flap  gates, 
roller  gates,  drum  gates  and  tainter  gates.  The  table  below  shows  the 
mechanical  installed  cost  of  four  different  gates.  The  drum  and  roller 
gates  were  discarded  early  in  the  study  because  of  higher  costs.  The  gate 
costs  shown  were  subsequently  updated  to  1988  price  levels.  The  tainter 
gates  show  the  lowest  installed  cost.  The  Plan  Formulation  Appendix  also 
compares  the  tainter  gate  and  sluice  gate  costs  for  the  gate,  concrete, 
and  bearing  piles.  Ten  tainter  gates  would  cost  about  $10  million  less 
than  the  construction  cost  of  sluice  gates.  The  tainter  gate  was 
therefore  selected.  Gate  sizes,  types,  numbers  required  and  installed 
costs  are  presented  in  the  following  table  from  which  the  system  of  ten 
15'x50'  tainter  gates  were  chosen.  Model  studies  will  further  define  any 
changes  needed  in  the  gates,  such  as  raising  the  top  elevation,  reducing 
the  number  of  gates  required  or  other  dimensional  changes. 

FLUSHING  GATES 


No.  of 

Gate  Type  Size  Gates 


Mechanical 
Cost  for  Gate 
Installed 
($000) 


Sluice 

10'xlO' 

70 

$  7,198 

Flap 

« 

n 

6,018 

Flap 

12'xl2' 

49 

6,507 

Tainter 

15'x50' 

10 

4,525 

All  costs  for  the  flushing  gates  were  obtained  from  Rodney  Hunt  Co.  of 
Orange,  Massachusetts,  a  local  gate  manufacturer  who  has  manufactured 
gates  of  similar  sizes.  The  base  price  listed  above  was  increased  by  20X 
to  provide  for  installation  from  a  barge  and  to  this  was  added  overhead 
and  profit  markups  of  20. 5X.  The  resulting  price  for  the  ten  (10)  tainter 
gates  was  $6,543,000.  A  contingency  amount  of  20X  was  applied  to  this 
feature  to  allow  for  design  changes  which  may  be  indicated  by  model 
studies  by  WES. 

Dredging :  Dredging  is  assumed  to  be  performed  mechanically  using  a  clam 
shell  dredge  mounted  on  a  deck  scow,  loading  a  dump  scow  and  towing  to  the 
disposal  site  in  Massachusetts  Bay.  This  effort  is  reflected  in  the  unit 
cost.  Further  testing  of  the  sediment  may  show  it  to  be  suitable  for  use 
on  Point  of  Pines  beach  which  would  significantly  reduce  costs  for  this 
effort.  Most  dredging  will  occur  at  the  start  of  construction  for  the 
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floodgate  structure.  Additional  dredging  would  follow  prior  to  installing 
cofferdams . 

The  very  large  contingency  of  75X  was  used  to  allow  for  additional 
quantities  of  dredging  which  may  be  required  for  plant  mobility  and  an 
additional  channel  which  may  be  necessary  to  alleviate  scour  near  the 
mitre  gate. 

Cofferdams :  Bra-.ed  and  cellular  cofferdams  were  evaluated.  The  braced 
cofferdam,  vising  a  ring  around  the  miter  gate  and  walls  around  the  tainter 
gates  were  found  to  be  about  $20  million  less  expensive  than  the  filled 
cellular  type.  Although  the  cellular  type  would  ease  construction  work, 
the  braced  cofferdam  requires  less  room  to  construct,  affecting  less  of 
the  river  bottom  and  flow  area. 

New  cofferdam  material  including  steel  sheet  piles  (SSP)and  bracing  would 
be  purchased  for  the  initial  phase  of  construction  and  reused  for 
subsequent  phases  of  cofferdam  construction.  This  has  been  noted  in  the 
estimate  where  prices  reflect  labor  and  equipment  only.  The  SSP  PZ  27 
used  in  the  cofferdams  would  be  used  last  for  the  Lynn  Harbor  Reach  D 
Wall. 

A  contingency  of  20X  was  considered  appropriate  to  provide  for  changes 
during  final  design  due  in  part  to  lack  of  subsurface  information. 

Dewatering :  This  item  was  estimated  assuming  that  6 -inch  centrifugal 
pumps  (est.  2.1  MGD)  would  be  in  use  continuously  during  all  phases  of 
work  within  the  cofferdams.  No  analysis  of  inflow  was  performed.  It  was 
assumed  that  2  pumps  each  should  be  adequate  for  construction  involving 
the  miter  gate  and  tainter  gates  1-4,  1  pump  for  tainter  gate  10,  3  pump 
for  tainter  gates  5-9  and  1  pump  for  the  gravity  wall.  One  spare  pump 
would  be  available  at  all  times  and  maintenance  would  be  performed  using 
two  crews  operating  continuously  in  12 -hour  shifts. 

A  higher  contingency  of  30X  was  assigned  since  no  analysis  has  been 
performed  and  additional  pumps  may  be  required.  In  addition,  handling  the 
pumps  will  be  difficult  within  the  cofferdams. 

Preatressed  Concrete  Piles:  Piles  were  sized  at  12"xl2"  without  detailed 
design  analysis  or  subsurface  exploration  data.  All  piles  were  assumed  to 
be  90  feet  in  length.  Costs  were  quoted  from  R.A.  Francoeur,  Inc  of 
Salisbury,  Massachusetts ,  and  Indicate  that  piles  driven  from  a  barge 
would  cost  twice  the  amount  for  land  driven  piles. 

Piles  under  the  navigation  gates  would  be  augered  and  driven  from  a  gravel 
working  mat  after  the  cofferdam  is  built  and  dewatered.  All  other  piles 
would  be  augered  and  driven  from  a  barge. 

A  higher  contingency  of  30X  was  assigned  to  this  item  due  to  the  very 
limited  foundation  data.  In  addition,  the  contingency  accounts  for  the 
fact  that  the  Office  of  the  Chief  of  Engineers  is  in  the  process  of 
updating  Civil  Uorks  Design  Criteria.  More  stringent  seismic  criteria  for 
structure  is  anticipated. 
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Concrete:  Analysis  of  concrete  has  not  been  performed  to  date  and, 
therefore,  section  designs  and  reinforcement  (where  indicated)  are  subject 
to  changes.  Cost  presented  for  plain  and  reinforced  concrete  were  derived 
from  historic  data  and  adjusted  to  FY88  prices.  The  cost  presented 
includes  concrete  formwork,  installation,  steel,  joints,  finish  and 
curing.  The  basic  prices  for  reinforced  and  plain  concrete,  $350/CY  and 
$250/CY  respectively,  were  adjusted  further  considering  the  specific 
characteristics  of  each  feature  of  work.  Prices  were  increased  25X  to 
allow  for  the  more  difficult  working  conditions  within  the  braced 
cofferdams.  Unit  prices  for  thin  wall  structures  were  increased  due  to 
the  additional  formwork  required. 

A  100X  contingency  was  assigned  to  the  reinforced  concrete  item  for  the 
”1"  wall  used  as  a  closure  between  the  dike  and  ”T"  wall  on  the  Revere 
side  of  the  tidal  barrier.  Preliminary  civil  layout  indicates  that  the 
height  of  fill  to  be  retained  by  this  wall  is  the  maximum  for  which  an  "I" 
wall  would  be  structurally  adequate.  Further  design  development  may 
dictate  that  a  more  costly  alternative  type  wall  be  used  for  the  closure. 

Construction  Fill  Materials:  Cost  for  construction  fill  materials  were 
derived  from  historic  data  and  include  material,  placement,  compaction  (if 
required)  and  all  markups.  In  addition,  quotes  were  solicited  from  area 
vendors  which,  when  considering  the  rehandling  required  to  bring  the 
material  to  the  site,  tend  to  agree  with  the  stated  prices. 

Average  to  low  contingencies  of  15X  -  20Z  were  assigned  to  these  items 
which  reflect  the  general  confidence  in  the  quantities  provided.  However, 
the  stone  blanket  and  gravel  bedding  items  under  the  Navigation  gate 
feature  were  assigned  contingencies  of  200Z  and  100X  respectively  to  allow 
for  potential  scour  problems  which  may  require  additional  dredging  and 
erosion  protection  measures. 

Wick  Drains:  Wick  drains  are  required  along  the  dike  portion  of  the  flood 
gate  structure  to  expedite  consolidation  of  the  compressible  subsurface 
materials.  Since  detail  analysis  of  requirements  has  not  been  performed, 
a  higher  contingency  was  assigned  to  provide  for  additional  drains. 

MDC  Fish  Pier  Removal  ( if  necessary) :  The  existing  fish  pier  is  located 
just  upstream  of  the  proposed  Saugus  River  Floodgate  structure  on  the  Lynn 
side.  It  is  a  pile  and  timber  structure  with  an  estimated  total  area  of 
5,800  SF.  The  cost  estimate  is  based  on  a  previously  bid  project 
involving  the  demolition  and  removal  of  a  pier  of  similar  construction  and 
size.  The  cost  was  determined  using  the  unit  price  per  square  foot  and 
adjusted  using  the  Corps  of  Engineers  Civil  Works  Construction  Cost  Index 
System  composite  cost  index.  The  cost  includes  demolition,  removal  and 
disposal.  The  price  is  considered  reasonable  and  a  contingency  of  20Z  is 
added  to  provide  for  potential  increases  due  to  the  actual  location  of  the 
disposal  site  and  disposal  fees.  Design,  modelling  and  future  layouts 
will  determine  if  the  pier  must  be  removed,  that  is,  if  it  interferes  with 
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cidal  flows  or  cofferdams.  If  removed,  it  is  expected  the  non  Federal 
Sponsor  would  elect  to  use  the  Floodgate  walls  for  public  fishing,  in  lieu 
of  rebuilding  the  pier  at  non  Federal  expense. 

Restoring  Rice  Avenue  and  the  Revere  Park  Dike:  This  effort  includes 
removing  an  existing  wall  (~  250  LF) ,  providing  turf,  shrubs  and  trees  to 
replace  chose  to  be  removed  during  construction.  Cost  for  trees  assume  a 
generic  tree  8  to  10  feet  tall. 

Mitigation:  The  mitigation  site  includes  the  excavation  of  190,000  cy  of 
material,  seeding  of  grass  and  transplanting  of  marsh  grass  and  clams.  A 
20Z  contingency  is  included  in  the  event  a  retransplant  is  required  as 
well  as  a  study  to  determine  why  problems  were  encountered  on  the  first 
attempt.  Some  variation  in  quantities  and  excavation  costs,  depending  on 
actual  site  conditions,  would  also  be  covered  by  the  contingency. 

Engineering  and  Design  Costs  (E&D):  A  separate  estimate  is  attached  for 
Engineering  and  Design  costs  at  about  $7,230,000. 

Engineering  Durlng.Construction  (EDC):  EDC  costs  are  estimated  at  0.5Z  of 
the  project  direct  costs  or  $320,000. 

Supervision  and  Inspection  (S&I) :  S&I  costs  during  construction  are 
estimated  at  $3,680,000,  or  about  6Z  of  the  project  cost. 

Engineering  &  Design  and  Supervision  &  Administration  Costs  (E&D.  S&A) : 

The  following  summarizes  the  projects  estimated  E&D  and  S&A  costs: 


TOTAL 

E&D 

S&A 

PE&D 

Labor 

$  4,130 

$ 

3,350 

$  780 

PE&D 

Contract 

&  Models 

3,100 

3,100 

- 

EDC 

320 

270 

50 

S&I 

3.680 

• 

3.680 

TOTAL 

E&D,  S&A 

$11,230 

$ 

6,720 

$4,510 

Real  Estate:  Real  estate  costs  are  summarized  in  the  main  report  and 
developed  in  the  Real  Estate  Appendix  at  a  cost  of  $3,644,000. 

SENSITIVITY  OF  COST  ESTIMATES:  The  following  presents  a  sensitivity 
analysis  of  major  features,  quantities,  and  unit  costs  in  the  estimate. 

Floodgate  Structure  -  Major  items  which  are  cost  sensitive  and  affect 
changes  in  the  cost  estimate  are: 

(1)  The  navigation  gate  structure  ($14,092,000)  has  a  unit  cost  of  about 
$140,920  per  linear  foot  of  opening  for  (100  ft)  gate,  $7,800  per  sf  of 
opening  (1800  sf)  below  mid  tide  (El.  0.0)  or  $427,000  per  ft.  of  height 
(33  ft). 

(2)  The  flushing  tainter  gate  structures  (about  $2,987,900  each)  have 
unit  costs  of  $60,000  per  linear  foot  of  gate  opening  (50  ft),  or  $4,270 
per  sf  of  opening  (700  sf)  below  mid  tide  (El.  0.0). 
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(3)  The  Revere  gravity  wall  (140  If)  cost  per  If  is  $13,450  compared  to 
the  cost  per  If  $4,470  of  the  dike  (165  If).  The  dike  is  also  sensitive 
to  the  slope.  If  the  1:3  slope  should  be  reduced  to  1:2,  it  would  not 
only  reduce  the  cost  of  embankment,  but  also  the  length  of  the  Revere 
gravity  wall  (140  If)  tie  in.  (The  average  height  of  the  gravity  wall  is 
higher  than  the  average  dike  height.) 

(4)  Adding  or  deleting  one  tainter  gate  changes  the  direct  cost  by  about 
3  million. 

Project  Expenditures 


The  following  are  the  estimate  project  expenditures  and  real  estate 
values  by  fiscal  year  at  October  1988  price  levels  in  $1000: 


PEP 

F90  $2,826 
F91  1,868 
F92  1,226 
F93  890 
F94  420 


Other  Than  Floodgate 
_ Construction 


$18 , 300 


Real.Esta.s.g 


$  3,150 


F95 

F96 

F97 

(1st  Q)  F98 
Total 


7,230 


Floodgate 

Construction 

$15,930 

16,570 

15,500 

_LJM 

$68,068 


Floodgate 
Real  F-tate 

$  494 


$3,644 


Federal  and  Non  Federal  Costs  (in  $1,000)  by  Fiscal  Year: 


Total 

$  2,826 
1,868 
1,226 
890 
$21,870 


$16,424 

16,570 

15,500 

1.768 

$78,942 


Efi&Xfll 

Non  Federal 

F90 

$  2,826 

. 

F91 

1,868 

• 

F92 

1,226 

• 

F93 

890 

• 

F94 

11,832 

$  6,888  and 

- 

3,150  (real  estate) 

F95 

10,676 

5,254  and 

- 

494  (real  estate) 

F96 

10,770 

5,800 

F97 

10,075 

5,425 

F98  (1st  Q) 

1-149 

_ 611 

Total 

$51,312  (65X) 

$27,630  (35X) 

Project  Total  $78,942 


Note:  PE&D  or  PED  refers  to  Preconstruction  Engineering  and  Design. 
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STANDARD  PROJECT 
NORTHEASTER 
(SPN) 

COST  ESTIMATE 
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SAUGUS  BIVEB  ASD  TBIBUT ABIES  -  CWIS  10.  14021 
BEGIOSAL  SAUGUS  filVEB  FLOODGATE  PLAS  -  ALIGSMEHT  10.  2 
(October  1988  Price  Levels) 

ST  ADD  ASD  PSOJECT  SOBTHEASTEB  (SPIT) 


S3J0UBY  OF  COSTS  BY  COST  ACCOUST 

ACCOCr  ESTIMATED  COHTISGESCY  COSTISGEMCY 


N'UMSEB  COST  ACCOUMT 

AM0U1T 

PEBCEST 

AMOUST  TOTAL  AMOOST 

01.  LAUDS  ASD  DAMAGES 

12,915,000 

25.  OX 

729,000 

*3,644,000 

02.  RELOCATIOSS 

510,000 

20. 8X 

104,732 

695,000 

05.  LOCKS 

10,642,000 

32.41 

3,450,000 

14,092,000 

06.  FISH  ASD  WILDLIFE  FACILITIES 

324,000 

20.8Z 

67,300 

391,000 

11.  LE7EES  ASD  FLOODWALLS 

39,654,000 

22.  OX 

8,742,000 

48,396,000 

17.  BEACH  BEFLEHISHMEST 

164,000 

23.  IX 

38,000 

202,000 

•19.  BUILDINGS.  GHOCSDS  ASD  UTILITIES 

243,000 

20.01 

49,000 

292,000 

30  ESGISEEBISG  ASD  DESIGS 

5,600,000 

20.  OX 

1,120,000 

6,720,000 

31.  SUPEBVISIOS  ASD  ADMISISTBATIOS 

3,608,000 

25.01 

902,000 

4,510,000 

TOTAL  PROJECT  FIRST  COST 

163,660,000 

23. 9X  115,202,032 

178,942,000 

MOTE :  Estiaates  for  Cost  Accounts  01.  30  end  31  ere  developed  elseabere  in 
this  report. 
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SAUGUS  BITES  AID  TBIBUT ABIES  -  CHS  10.  14021 
BEGIOIAL  SAUGUS  BITES  FLOODGATE  PUI  -  ALIGnOT  10.  2 
(October  1988  Price  Levels) 

STAID ABD  PBOJECT  IOBTHEASTEB  (SPI) 

COST 


ACCOUTT 

IUMBEB  ITEM  DESCBIPTIOI  QUA1TIT7  (HITS 

(HIT  PBICE 

ESTIMATED  C0RIK2KT  COITIMGEICT 

AMOUR  PEBCER  AMOUR  TOTAL  AMOUR 

01.  LAIDS  AID  DAMAGES 

aquiiitlons  and  easements 

12,915,000 

25.01 

1729,000 

13,644.000 

TOTAL  COST  ACC0U1T  01.  LAIDS  AID  DAMAGES 

12,915,000 

25.  OX 

1729,000 

13,644,000 

02.  3EL0CATI0IS 

Drainage  System  tor  Beach  B  and  C 

12'  BCP 

400  LF 

20.00 

8,000 

25.  OX 

2,000 

10,000 

18*  BCP 

575  LF 

25.00 

14,375 

25.  OX 

3,594 

17,969 

24'  BCP 

85  LF 

30.00 

1,950 

25.  OX 

488 

2,438 

38'  BCP 

15  LF 

80.00 

900 

25.  OX 

225 

1,125 

plug  12'  pipe 

5  EA 

500.00 

2,500 

25.01 

625 

3,125 

tie  pipes  to  eiist  MB 

9  EA 

500.00 

4,500 

25.  OX 

1,125 

5,625 

remove  exist  pipe 

100  LF 

10.00 

1,000 

25.  OX 

250 

1,250 

manhole 

1  EA 

2,000.00 

2,000 

25.  OX 

500 

2.500 

sluice  |ate  (18'xl8'l 

1  EA 

4.400.00 

4,400 

25.0X 

1,100 

5,500 

sluice  jate  ( 36 ' x3«  * ) 

1  EA 

13,200.00 

13.200  . 

25.  OX 

3,300 

16,500 

sluice  |ate  1  closure 

1  LS 

38,500.00 

38,500 

20.  OX 

7,700 

46,200 

for  60'  pipe 

Subtotal  Draina|e  System 

191,325 

22. 9X 

120,908 

1112,000 

sluice  |ate  A  closure 

1  LS 

38,500.00 

38,500 

20.  OX 

7,700 

46,200 

(or  80'  pipe 

Lynn  Beach  F 

sluice  |ate  (72'x72’l 

1  EA 

24,200.00 

24,200 

20.  OX 

4,840 

29,040 

sluice  |ate  (84'x84* ) 

1  EA 

31,900.00 

31,900 

20.02 

6,380 

38,280 

sluice  |ate  (48'x48’l 

1  EA 

18,500.00 

18,500 

20.0X 

3,300 

19,800 

Park  Dike  South 

replace'conc  sldeeealk  (6') 

2,187  ST 

80.00 

131,220 

20.  OX 

28,244 

157,464 

Park  Dike  lorth 

replace'conc  sldemalk  (8') 

1,578  ST 

80.00 

94,580 

20.  OX 

18,912 

113.472 

Sales  Cr  sluice  |ate  (72'x72'l 

1  EA 

24,200.00 

24,200 

20.  OX 

4,840 

29,040 

Severe  Park  Dike  I/S  Floodmalls 

replace  3'  bit  cone,  pavement 

220  ST 

18.00 

3,520 

25.  OX 

880 

4,400 

rem've  ode  (ish  pierdf  req’d) 

5,800  SF 

19.25 

153,850 

20.  OX 

110,730 

164,380 

TOTAL  COST  ACC0U1T  02.  BEL0CATI0IS 

1509,575 

20. 5X 

1104,732 

1695,000 
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SAUGUS  BITES 


COST 

ACCOUJT 

ESTIMATED 

COITIMGEICY 

COBTIIGEICY 

KUMBEE  ITEM  DESCEIPTIOM 

QUAJTIT? 

(HITS 

UHIT  PRICE 

AM0U1T 

PEBCEIT 

AMOUMT 

TOTAL  AMOUMT 

05.  LOCKS 

utre  gate 

1 

EA 

14,124,000.00 

<4,124,000 

40.  OX 

<1,650,000 

<5,774,000 

piles  *  auger 

12,700 

LF 

3.00 

38,100 

30.01 

11,000 

49.100 

piles  (12  sq.  in.  prestressed) 

12,900 

LF 

30.00 

387,000 

30.  OX 

116,000 

503,000 

reinforced  concrete 

5,890 

CY 

350.00 

2,061,500 

20.  OX 

412,000 

2,473,500 

stone  blanket 

670 

CY 

40.00 

26,800 

200. OX 

54,000 

80.600 

gravel  bedding 

710 

CY 

16.00 

11,360 

100. OX 

11,000 

22,360 

dredge  for  cofferdas(-2?.5ngvd 

23,100 

CY 

7.80 

180,160 

75.  OX 

135,000 

315.180 

dredge  site  (-14)  A  channel 

55,600 

CY 

7.80 

433,680 

75.  OX 

325,000 

758,680 

backfill  gates  A  channel 
cofferdas 

19,100 

CY 

8.00 

152,800 

10.  OX 

15,000 

167,800 

SSP  -  PZ-27  (new  aaterial) 

1,158,300 

LB 

0.70 

810,810 

20.  OX 

162,000 

972,810 

piles  (pull  A  stockpile) 

1,158,300 

LB 

0.30 

347,490 

20.  OX 

69,000 

416,490 

12  in.  dia.  pipe  spud 

209,000 

LB 

0.70 

146,300 

20.  OX 

29,000 

175,300 

pipe  spud  (pull  A  stockpile) 

120,000 

LB 

0.30 

36,000 

20.  OX 

7,000 

43,000 

box  girders 

775,000 

LB 

1.00 

775,000 

20.  OX 

155,000 

930.000 

gravel 

1,300 

CY 

15.00 

19,500 

10.  OX 

2,000 

21,500 

site  preparation 

1 

LS 

25,000.00 

25,000 

20.  OX 

5,000 

30,000 

operator  -  house  no.  1 

1 

LS 

165,000.00 

165,000 

20.  OX 

33,000 

198,000 

operator  -  house  no.  2 

1 

LS 

75,000.00 

75,000 

20.01 

15,000 

90,000 

generator  (installed) 

1 

LS 

100,000.00 

100,000 

20. OX 

20,000 

120,000 

utilities 

1 

LS 

50,000.00 

50,000 

20.  OX 

10,000 

60,000 

railing 

300 

LF 

15.00 

4,500 

20.  OX 

1,000 

5,500 

dewatering 

1 

LS 

504.700.00 

504,700 

30.  OX 

151,000 

655,700 

dolphins  -  4 

1 

EA 

117,430.00 

117,430 

40.  OX 

47,000 

164,430 

aids  to  navigation 

1 

LS 

50,000.00 

50,000 

30.  OX 

15,000 

65,000 

TOTAL  COST  ACCOUiT  05.  LOCXS 

<10,642,150 

32.4X 

<3,450,000 

<14,092,000 

08.  FISH  AH)  WILDLIFE  FACILITIES  - 

UTIOATIOI 

excavate  clean  sand 

used  on  Park  Dike 

56,000 

CY 

see  Park  Dike  estiaate 

stockpiled  on  site 

20,000 

CY 

14.00 

<80,000 

20.  OX 

16,000 

<96,000 

excavate  salt;  sand 

0 

used  to  build  ben 

3,000  CT 

4 

12,000 

20.  OX 

2,000 

14,000 

used  in  Lynn  ibr  Dikes/  POP 

72,000 

CY 

see  Lynn  Harbor  estiaate 

stockpiled  on  site 

35,000 

CY 

4.00 

140,000 

20.  OX 

28,000 

168,000 

excavate  peat 

4,000 

CY 

5.50 

22  000 

20.  OX 

4,000 

26,000 

seed  bera 

110 

MSF 

48.00 

5,280 

25.01 

1,000 

6,280 

plant  aarsh  grass  (0.5  acre) 

1 

AC 

2,300.00 

1,150 

25.  OX 

300 

1,450 

fertiliser  (0.5  acre) 

1 

AC 

1,200.00 

600 

25.  OX 

0 

600 

transplant  claas 

10 

AC 

6,290.00 

62,900 

25.  OX 

16,000 

78,900 

TOTAL  COST  ACCOUIT  08.  FISH  AID  WILDLIFE  FACILITIES 

<323,930 

20.8X 

<67,300 

<391,000 
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SAUGUS  SITES 


COST 


iccoor 

IUMBEB  ITEM  DESC1IPTIOI 

QUA1TITT 

(HITS 

OUT  PRICE 

ESTIVATED 

AV0UIT 

COITIIOEieT 

PESCEIT 

COnilGEKT 
AMO  (TIT 

TOTAL  AVOtJIT 

11.  LEVEES  AID  FLOODVALLS 

Flushing  Gates 

tainter  gates  (15’x  50 '1 

10 

EA 

<654,300.00 

<6, 543,000 

20.02 

1,309,000 

<7,852.000 

reinforced  cone.  ♦  25  l  labor 

7,570 

CT 

437.50 

3,311,875 

20.02 

662,000 

3,973.875 

concrete  ♦  25  I  labor 

6,785 

CT 

312.50 

2,120,313 

20.02 

424,000 

2,544,313 

piles  (12‘  sq.  prestressed) 

71,012 

LF 

60.00 

4,260,720 

30.02 

1,278.000 

5,538,720 

stop  log 

1 

LS 

547.000.00 

547,000 

20.02 

109,000 

656,000 

site  preparation 

1 

LS 

40,000.00 

40,000 

20.02 

8,000 

48,000 

braced  cofferdas 

P2-27  (new  aaterials) 

1,498,000 

LS 

0.70 

1,048,600 

20.02 

210,000 

1,258,600 

P2-27  (pull  1  stockpile) 

1,498,000 

LB 

0.30 

449,400 

20.02 

90,000 

539,400 

PZ-27  (drive  and  pull) 

1,334,250 

LB 

0.45 

600,413 

20.02 

120,000 

720,413 

HP  12x63  (new  aaterials) 

180,000 

LB 

0.80 

144,000 

20.02 

29,000 

173.000 

HP  12x63  (pull  1  stockpile) 

180,000 

LB 

0.60 

108,000 

20.02 

22,000 

130,000 

HP  12x63  (drive  and  pull) 

118,000 

LB 

0.60 

70,800 

20.02 

14,000 

84.800 

struts  t  whalers  (aaterials) 

2,188,000 

LB 

0.50 

1,094,000 

15.02 

164,000 

1,258,000 

struts  t  whalers  (labor) 

2.077,000 

LB 

0.30 

623,100 

15.02 

93,000 

716,100 

struts  t  whalers  (reused) 

2,188,000 

LB 

0.30 

656,400 

15.02 

98,000 

754,400 

gravel  (gates  1  aall) 

4,120 

CT 

15.00 

61,800 

10.02 

6,000 

67,800 

gravity  wall  *  Lynn 

reinforced  cone.  »  25X  labor 

■  387 

CT 

437.50 

169,313 

20.02 

34,000 

203,313 

concrete  ♦.  25  l  labor 

1,615 

CT 

312.50 

504,688 

20.02 

101,000 

505.688 

piles  (12  sq.  in.  prestress) 

4,960 

LF 

60.00 

297,600 

30.02 

89.000 

386,600 

dredging 

27,800 

CT 

7.80 

216,840 

75.02 

163,000 

379.840 

dredge  &  place  at  gates 

7,700 

CT 

4.00 

30,800 

75.02 

23,000 

53.800 

stone  blanket  at  gates 

2,930 

CT 

40.00 

117,200 

10.02 

12,000 

129,200 

gravel  bedding  at  gates 

2,930 

CT 

16.00 

46,880 

10.02 

5.000 

51,880 

handrail 

1,440 

LF 

15.00 

21,600 

20.02 

4.000 

25.600 

guard  rail 

1,440 

LF 

15.00 

21,600 

20.02 

4.000 

25.600 

dewatering 

1 

LS 

1,309,000.00 

1,309,000 

30.02 

393.000 

1.702.000 

Subtotal  Flushing  Gates 

<24,414,940 

22.42 

<5,464,000 

<29,879,000 

11.  Gravity  toll.  Severe,  140  LF 

concrete  ♦  25  I  labor 

1,300 

CT 

<312.50 

<406,250 

20.02 

81.250 

1487,500 

reinforced  cone.  ♦  25  I  labor 

380 

CT 

437.50 

166,250 

20.02 

33,250 

*199.500 

excavation 

490 

CT 

8.00 

3,920 

20.02 

784 

<4.704 

piles  (12  sq.  in.  prestressed) 

4,900 

LF 

60.00 

294,000 

30.02 

88,200 

<382,200 

site  preparation 

1 

LS 

10,000.00 

10,000 

20.02 

2,000 

<12,000 

braced  cofferdaw  (prices  for  labor  only 

■  aaterials  re-used 

fora  other  phases) 

struts 

437,230 

LB 

0.50 

262,338 

15.02 

39,351 

<301,689 

lateral  struts 

123,840 

LB 

0.60 

74,304 

15.02 

11,116 

<85,450 

wain 

66,720 

LS 

0.60 

40,032 

15.02 

5,005 

<46,037 

HP  12  x  63  (drive  1  pull) 

97,020 

LB 

0.60 

58,212 

20.02 

11,642 

<69,854 

piles  (PZ-27  drive  1  pull) 

438,480 

LB 

0.45 

197,316 

20.02 

39,463 

<236,779 

guard  rail 

300 

LF 

15.00 

4,500 

15.02 

675 

<5,175 

dewatering 

1 

LS 

40,350.00 

40,350 

30.02 

12,105 

<52,455 

Subtotal  Gravity  Vail,  Severe 

1,557.472 

20.92 

<325,871 

<1,883.000 

Cost-12 


SAUGUS  Him 


COST 


ACCOUST 

SUMBEB  ITEM  DESCBIPTIOI  QUAFTITT 

OMITS 

UM1T  PRICE 

ESTIMATED 

AM0UIT 

COITIIGEICY 

PEBCEST 

corriiGEscY 

AM0UMT 

TOTAL  AM0UT 

II.  Dike  Phases  I  A  II.  165  LF 

stone  protection 

2,222 

CY 

145.00 

(99,990 

15.01 

14,999 

*114,989 

gravel  bedding 

5,413 

C  T 

16.00 

86,608 

25.02 

12,991 

99.599 

silty  send  core 

8,876 

CY 

10.00 

86,760 

15.01 

13,314 

102,074 

duaped  rock  toe 

2,149 

CY 

35.00 

75,215 

20.02 

15,043 

90,258 

geo-nenbrane  (Hypalon! 

19,867 

SF 

0.75 

14,900 

20.02 

2,980 

17,880 

site  preparation 

1 

LS 

10,000.00 

10,000 

20.02 

2,000 

12,000 

guard  rail 

453 

LF 

15.00 

6,795 

20.02 

1,359 

8,154 

wick  drains 

225 

EA 

1,000.00 

225,000 

30.02 

67,500 

292,500 

Subtotal  Dike 

607,268 

21.42 

130,186 

*737,000 

11.  I -wall  and  Access  Heap 

reinforced  cone.  ♦  25X  labor 

88 

CY 

*437.50 

(38,500 

100.02 

38,500 

*77,000 

dredge 

128 

CY 

8.00 

1,024 

75.02 

768 

1,792 

conpacted  randoa  fill 

96 

CY 

8.00 

768 

10.02 

77 

845 

steel  sheet  pile  PZ2T 

93,960 

LB 

0.70 

65,772 

20.02 

13,154 

78,926 

site  preparation 

1 

LS 

2,000.00 

2,000 

20.02 

400 

2,400 

stone  protection 

330 

CY 

45.00 

14,850 

10.02 

1,485 

16,335 

gravel 

.810 

CY 

16.00 

12,960 

10.02 

1,296 

14,256 

silty  sand  core 

490 

CY 

10.00 

4,900 

10.02 

490 

5., 390 

access  gate 

1 

LS 

1,500.00 

2,500 

20.02 

300 

1,800 

guard  rail 

160 

LF 

15.00 

2,400 

20.02 

480 

2,880 

Subtotal  I-wall  and  Access  Sup 

*144,674 

39.42 

*57,000 

*202,000 

11.  Lynn  Harbor  Dikes  and  Vails 

Reach  B 

excavation  (dike) 

11,700 

CY 

*8.00 

(93,600 

30.02 

*28,000 

*121,600 

duaped  granular 

24.840 

CY 

10.00 

248,400 

30.02 

75,000 

323,400 

conpacted  randoa  fill 

1,620 

CY 

8.00 

12,960 

30.02 

4,000 

16,960 

conpacted  inperv 

10,638 

CY 

12.00 

127,656 

20.02 

26,000 

153,656 

gravel  bedding 

5,274 

CY 

18.00 

84,384 

15.02 

13,000 

97,384 

stone  protection 

13,356 

CY 

45.00 

601,020 

15.02 

90,000 

691,020 

topsoil  seeded 

2,394 

SY 

4.50 

10,773 

75.02 

8,000 

18,773 

reaove  exist  bulkhead 

1,800 

LF 

10.00 

18,000 

75.02 

14,000 

32,000 

stone  bedding 

5,472 

CY 

30.00 

164,160 

15.02 

25,000 

189,160 

Subtotal  Reach  B 

*1,360,953 

20.82 

(283,000 

*1,644,000 

Cost-13 


SAUGUS  Sim 


cos? 


ACCOUJT 

IUMBEB  ITEM  DESCBIPTIOV 

QUAITITT 

UIITS 

UIIT  PRICE 

ESTIMATED 

AMOUT 

COrilGElCT 

PEBCER 

CQRIIGESCT 

AMOUR 

TOTAL  AMOUR 

11.  Beach  C 

excavation  (dike) 

7.350 

CT 

18.00 

<58,800 

30.02 

<17,640 

<76,440 

duaped  granular 

17,250 

CT 

10.00 

172,500 

20.02 

34,500 

207.000 

coapacted  randoa  (ill 

1,350 

CT 

8.00 

10,800 

15.02 

1,620 

12,420 

coapacted  lapervlous  (ill 

8,550 

CT 

12.00 

102,600 

15.02 

15,390 

117.990 

gravel  bedding 

3,750 

CT 

10.00 

60,000 

15.02 

9,000 

69.000 

stone  protection 

5,700 

CT 

45.00 

256,500 

15.02 

38,475 

294,975 

topsoil  seeded 

1,905 

ST 

4.50 

8,978 

15.02 

1,347 

10,324 

reaove  exist  bulkhead 

1,500 

LF 

10.00 

15,000 

25.02 

3,750 

18,750 

Subtotal  Beach  C 

<685,178 

17.82 

<121,722 

1807,000 

11.  Beach  0  (sap  A  i-aall) 

PZ-27  (used  aat'l  le(t  in  pi. 

11,703,895 

LB 

<0.30 

<511,169 

25.02 

127,792 

<638,961 

PZ-27  (nea  aat’l  asp  anil) 

82, 90S 

LB 

0.70 

<58,076 

25.02 

14,519 

<72.594 

PZ-27  (nea  aat’l  i-aall) 

171,720 

LB 

0.70 

0  20,204 

25.02 

30,051 

<150,255 

2-C12120.7  channel 

48,000 

LB 

1.00 

48,000 

15.02 

7,200 

55,200 

2  3/8'steel  rod  (tie  backs) 

70,100 

LB 

0.80 

42,060 

15.02 

6,309 

48,369 

steel  plate  bolts  A  nuts 

8,100 

LB 

1.00 

8,100 

15.02 

1,215 

9,315 

PZ-40  (leave  in  place) 

1,085,080 

LB 

0.70 

759,976 

20.02 

151,995 

911,971 

excavation  (incl  both  anils) 

13,230 

CT 

8.00 

105,840 

15.02 

15,876 

121,716 

randoa  (ill  (both  anils) 

13,020 

CT 

0.00 

78,120 

15.02 

11,718 

89,839 

rein(  cone  (incl.  deadaen  (or 

050 

CT 

437.50 

284,375 

25.02 

71,094 

355,469 

Gate  (30') 

2 

EA 

82.500.00 

165,000 

30.02 

49,500 

214.500 

Gate  (40') 

1 

EA 

190,000.00 

190,000 

30.02 

57,000 

247,000 

S’  aide  plattora 

107 

ST 

30.00 

5,010 

10.02 

501 

5,511 

Subtotal  Beach  D 

<2,375,929 

22.92 

<544,770 

12,921,000 

11.  Beach  E 

excavation 

1,430 

CT 

<8.00 

<11,440 

30.02 

3.432 

<14.372 

duaped  granular 

3,030 

CT 

10.00 

36,300 

15.02 

5,445 

41,745 

coapacted  iaperv 

11,000 

CT 

12.00 

132,000 

15.02 

19,800 

151.800 

gravel  bedding 

2,420 

CT 

16.00 

38,720 

15.02 

5,808 

44.528 

stone  protection 

2,310 

CT 

(..00 

103,950 

15.02 

15,593 

119,543 

replace  paveaent 

550 

ST 

20.00 

11,000 

50.02 

5,500 

16,500 

reaove  existing  stone 

2,750 

CT 

50.00 

137,500 

20.02 

27.500 

185.000 

Subtotal  Beach  E 

<470,910 

17.82 

<83,078 

<554.000 

sadgss  sira 


cos: 

ACCOST  ESTIMATED  COTIIGEKT  COMTIfGEICY 

KUMBER  ITEM  DESCSIPTIOI  QUATITT  UMITS  (HIT  PRICE  AMOtJT  PERCET  AMOUT  TOTAL  AMOUT 


II.  Reach  F  (T , I  and  Gravity  Walls) 
"-•all  (100  LF) 


excavation 

800 

CT 

18.00 

16,880 

25.02 

<1,720 

<8,600 

reinforced  concrete 

425 

CT 

437.50 

185,938 

25.02 

46,484 

232,422 

coopacted  randoa  fill 

580 

CT 

8.00 

4,640 

25.02 

1,150 

5,800 

coffer-dai  (used  PZ-27) 

172,800 

LB 

0.45 

77,760 

35.02 

27,216 

104,976 

dewatering 

1 

JOB 

85,400.00 

85,400 

30.02 

25,620 

111,020 

concrete  piles 

2,200 

LF 

30.00 

68,000 

50.02 

33,000 

99,000 

I -wall  (180*50  =  230  LF) 

excavation 

385 

CT 

8.00 

3,080 

25.02 

770 

3,850 

randos  fill 

o* 

CD 

Cl 

CT 

6.00 

1,692 

25.02 

423 

2,115 

reinforced  cone. (cap  nat'l) 

173 

CT 

437.50 

75,688 

30.02 

22,706 

98,394 

PZ-27  (nennat'l,  left) 

74,520 

LB 

0.70 

52,164 

25.02 

13,041 

65,205 

cone  gravity  wall  (1150  LF) 

• 

excavation 

1,725 

CT 

8.00 

13,800 

25.02 

3,450 

17,250 

conpacted  randoa  fill 

9,775 

CT 

8.00 

78,200 

25.02 

19,550 

97,750 

concrete 

803 

CT 

350.00 

302,050 

20.02 

60,410 

382,460 

Subtotal  Reach  F 

<953,291 

26.82 

<255,551 

<1,209,000 

Revere  Beach  Park  Dike 

South  Dike,  1970  LF 

excavation  (dike) 

10,120 

CT 

18.00 

<81,008 

20.02 

<16,202 

<97,210 

conpacted  randon  fill 

29,845 

CT 

8.00 

238,760 

20.02 

47,752 

286,512 

conpacted  inpervious  fill 

15,327 

CT 

12.00 

183,924 

15.02 

27,589 

211.513 

gravel  bedding 

2,482 

CT 

16.00 

39,712 

15.02 

5,957 

45.569 

stone  protection 

3.723 

CT 

45.00 

167,535 

15.02 

25,130 

192,665 

topsoil  A  seed  (12*) 

21,453 

ST 

10.00 

214,530 

20.02 

42,906 

257,436 

topsoil  A  seed  (6*) 

9,417 

ST 

6.00 

56,502 

15.02 

8,475 

64.977 

randon  fill 

33,392 

CT 

6.00 

200,352 

20.02 

40,070 

240,422 

Subtotal  South  Dike 

<1,182,000 

18.12 

<214,000 

<1,396.000 

lorth  Dike.  1420  LF 

excavation  (dike) 

0,810 

CT 

18.00 

<54,528 

20.02 

<10,906 

<65,434 

conpacted  randoa  fill 

10,941 

CT 

8.00 

135,528 

20.02 

27,106 

162,634 

conpacted  inperv 

11,048 

CT 

12.00 

132,576 

15.02 

19,886 

152,462 

gravel  bedding 

1,732 

CT 

16.00 

27,712 

15.02 

4,157 

31.869 

stone  protection 

2,599 

CT 

45.00 

116,955 

15.02 

17,543 

134.498 

topsoil  A  seed  (12') 

17,190 

ST 

10.00 

171,960 

20.02 

34,392 

206,352 

topsoil  A  seed  (0‘) 

5,992 

ST 

6.00 

35,952 

20.02 

7,190 

43,142 

randoa  fill 

23,430 

CT 

6.00 

140,580 

20.02 

28,116 

168,696 

Subtotal  forth  Dike 

<815,791 

18.32 

<149,000 

<965,000 

Cost-15 


SAUGUS  SITES 


COST 

ACCOOIt  ESTIVATED  COITIKSEICY  COfTIJGEfCY 


IU1BEB  ITEM  DESC1IPTIOI 

QUAfTITT  (HITS 

UIIT  PBICE 

AVOUfT 

PEBCE1T 

AMOUIT 

TOTAL  AVQUHT 

11.  forth  Closure 

excavation  (retaining  nil) 

570  CY 

<8.00 

<4,560 

25.02 

<1,140 

<5,700 

contacted  randos  fill 

2,880  CY 

8.00 

21,520 

25.02 

5,380 

26,900 

concrete  retaining  sail 

338  CY 

400.00 

135,600 

30.02 

40,680 

175,290 

gravel  bedding 

750  CY 

16.00 

12,000 

25.02 

3,000 

15.000 

3*  bit  concrete 

2,747  SY 

16.00 

43,952 

25.02 

10,988 

54,940 

guardrail 

370  LF 

20.00 

7,400 

20.02 

1,480 

8,880 

control  traffic 

1  LS 

10,000.00 

10,000 

20.02 

2,000 

12,000 

sandbags 

1,820  EA 

5.00 

9,100 

20.02 

1,820 

10,920 

Subtotal  forth  Closure 

<244,132 

27.02 

<66,000 

<311,000 

11.  South  Closure 

excavation  (retaining  sail) 

760  CY 

<8.00 

<6,080 

25.02 

<1,520 

17,500 

corseted  randos  fill 

4,068  CY 

8.00 

32,544 

25.02 

8,136 

40,680 

concrete 

820  CY 

300.00 

186,000 

25.02 

46,500 

232,500 

gravel  bedding 

750  CY 

16.00 

12,000 

25.02 

3,000 

15.000 

3*  bit  concrete 

2,500  SY 

16.00 

40,000 

25.02 

10,000 

50,000 

guardrail 

440  LF 

20.00 

8,800 

20.02 

1,760 

10.560 

control  traffic 

1  LS 

10,000.00 

10,000 

20.02 

2,000 

12.000 

nbta  sandbag  closure 

1,000  EA 

5.00 

5,000 

20.02 

1,000 

6,000 

Subtotal  South  Closure 

<300,424 

24.62 

<74,000 

’  *374.000 

11.  Shawut  Street  Stop  Logs 

excavation 

360  CY 

<8.00 

<2,880 

25.02 

<720 

*3,500 

compacted  randos  fill 

200  CY 

8.00 

1,600 

25.02 

400 

2,000 

concrete 

251  CY 

300.00 

75,300 

25.02 

18,825 

94.125 

gravel  bedding 

20  CY 

16.00 

320 

25.02 

80 

400 

center  post  >10x22  14' 

1  EA 

600.00 

600 

20.02 

i20 

7«n 

«  V 

8‘x8‘  shite  oak  logs  12' 

32  EA 

150.00 

4,800 

20.02 

960 

5,760 

Subtotal  Stop  Logs 

<85,500 

24.62 

<21,000 

1107. OCO 

11.  forth  and  South  Floodnlls 

excavation 

380  CY 

<8.00 

<3,040 

25.02 

<760 

13,800 

cospacted  randos  fill 

170  CY 

8.00 

1,360 

25.02 

340 

1,700 

concrete 

333  CY 

300.00 

99,900 

25.02 

24,975 

124,975 

gravel  bedding 

80  CY 

16.00 

1,440 

25.02 

360 

1,300 

reinforced  concrete 

65  CY 

400.00 

26,000 

25.02 

6,500 

32,500 

SSP  ^-27  (pol.sU.-  ret. sill) 

36250  LB 

0.70 

25,375 

30.02 

7,613 

32,938 

topsoil  A  seed  T) 

60  SY 

6.00 

360 

25.02 

90 

450 

SubtoUl  forth  and  South  Floodwalls 

<157,475 

25.82 

<40,638 

*198,000 

Cost-16 


SASGSS  SIVEB 


COST 

ACCOST 

OSES  ITEM  DESCBIPTIOI  QUASTITT 

CUTS 

U¥IT  PRICE 

ESTIMATED 

AMQUUT 

C0M7IHGESCY 

PERCEIT 

COSTIh'GESCY 

AMOGK? 

TOTAL  AMO SIT 

11.  Reach  M  Gravity  Mall 

excavation 

750 

CY 

18.00 

<6,000 

25.  OX 

<1,500 

<7,500 

coopacted  randoa  fill 

400 

CT 

8.00 

3,200 

25.01 

800 

4,000 

gravel  bedding 

125 

CY 

16.00 

2,000 

25.  OX 

500 

2,500 

topsoil  A  seed  (6‘) 

500 

SY 

6.00 

3,000 

25.  OX 

750 

3,750 

concrete  (gravity  sail) 

525 

CY 

300.00 

157,500 

25.  OX 

39,375 

196,875 

sandbags  (Carey  Circle  A  Blvd) 

2,000 

£A 

5  00 

10,000 

25.  OX 

2,500 

12,500 

Subtotal  Reach  M  Gravity  Mall 

<181,700 

25.  OX 

<45,425 

<227,000 

11.  Point  of  Pines  -  100  Tear  Stors 

Beach  A.  Revetaent 

excavation 

3,700 

CY 

<8.00 

<29,600 

20.  OX 

<6.000 

<35,600 

gravel  bedding 

640 

CY 

16.00 

10,240 

20.  OX 

2,000 

12,240 

underlayer  stone 

1,900 

CY 

35.00 

66,500 

20.  OX 

13,000 

79,500 

araor  stone 

3,600 

CY 

70.00 

252,000 

20.  OX 

50,000 

302,000 

Subtotal  Reach  A 

<358,340 

19.8X 

<71,000 

<429,000 

11.  Reach  B.  Revetaent 

excavation 

9,000 

CT 

<8.00 

<72,000 

20.  OX 

14,400 

<86,400 

gravel  bedding 

1.900 

CY 

18.00 

30,400 

20.  OX 

6,080 

36,480 

underlayer  stone 

5,500 

CY 

35.00 

192,500 

20.  OX 

38,500 

231,000 

araor  stone 

8,800 

CY 

70.00 

616,000 

20.01 

123,200 

739,200 

Subtotal  Reach  B 

<910,900 

20.  OX 

<182,180 

<1,093.000 

11.  Reach  C,  Revetaent 

excavation 

7,200 

CY 

<8.00 

<57,600 

20.01 

11,520 

<69,120 

gravel  bedding 

1,300 

CY 

18.00 

20,800 

20.  OX 

4,160 

24,960 

underlayer  stone 

3,700 

CT 

35.00 

129,500 

20.  OX 

25,900 

155,400 

araor  stone 

7,500 

CY 

70.00 

525,000 

20.  OX 

105,000 

630,000 

Subtotal  Reach  C 

<732,900 

20.  OX 

<146,580 

<879,000 

11.  Reach  D,  Revetaent 

excavation 

15,000 

CT 

<8.00 

<120,000 

20.  OX 

<24.000 

<144,000 

gravel  bedding 

1,600 

CY 

16.00 

25,600 

20.  OX 

5,120 

30,720 

underlayer  stone 

4,700 

CY 

35.00 

164,500 

20.  OX 

32,900 

197,400 

araor  stone 

6,500 

CT 

70.00 

455,000 

20.  OX 

91,000 

546,000 

Subtotal  Reach  D 

<765,000 

20.  OX 

<153,020 

<918,000 

Cost-17 


SAUGUS  bites 


COST 

ACCOUR  ESTIMATED  COITIHGEICY  COKTISGEICY 


lUIBEB  ITEM  DESCSIPTIOI 

QUARITT  (HITS 

UHT  PRICE 

AMOUR 

PEBCER 

AMOUR  TOTAL  AMOUR 

11.  Beach  E,  lifttMil  Under  Dusts  I  Concrete  Cap 

•scavation  of  sand  dunes 

30,000  CT 

14.50 

<102,000 

20.02 

<32,400 

<194,400 

gravel  bedding 

4,700  CT 

10.00 

75,200 

20. 0Z 

15,040 

90,240 

underlayer  stone 

4,300  CT 

35.00 

150,500 

20.  OX 

30,100 

180,600 

araor  stone 

9,300  CT 

70.00 

051,000 

20.  OX 

130,200 

781,200 

concrete 

03  CT 

300.00 

19,500 

20.  OX 

3,900 

23,400 

reinf.  bar  *5 

80  LF 

1.00 

ao 

20.  OX 

16 

96 

Subtotal  Beach  E 

11,058,000 

20.  OX 

<211,656 

11,270,000 

11.  Beacb  F,  Concrete  T-nall 

excavation 

2,400  CT 

18.00 

119,200 

20.  OX 

3,840 

<23.040 

connoted  inpervious  fill 

550  CT 

12.00 

0,800 

20.  OX 

1,320 

7,920 

owpacted  gravel  fill 

1,140  CT 

10.00 

18,240 

20.  OX 

3,648 

21,888 

stone  protection 

290  CT 

40.00 

11,000 

20.  OX 

2,320 

13,920 

reinforced  concrete 

500  CT 

350.00 

190,000 

30.  OX 

58,800 

254,800 

vehicle  gate  12’ 

1  EA 

40,000.00 

40,000 

30.  OX 

12,000 

52,000 

Subtotal  Beacb  F 

<291,040 

28.  IX 

<81,928 

<374,000 

TOTAL  COST  ACCOOIT  11.  LEVEES  AID  FLOODWALLS 

139,054,417 

22. OX  <8,742,509 

<48,489,000 

33333233S33333333X3S232X3S2SS332333233333SS3SS3S2X23X33: 

223323223352 

33333333233322: 

Cost-18 


SAUGUS  SITES 


COST 


ACCOOST 

KUM3ER  ITEM  DESCRIPTION  QUAITITY 

UIITS 

HIT  PRICE 

ESTIMATED 

AM0UHT 

C0ITIHGEICT 

PEBCEST 

COMTIIGEICY 

AMD  HIT 

TOTAL  AMOUNT 

]7.  BEACH  SEPLEHSHMEVT 

Point  o'  Pines  *  100  Year  Stora 
Reach  B 

sandf ill-fro*  dune  excavation 

6,(00 

CY 

(.00 

25,600 

20.02 

5,120 

30.720 

Beach  C 

sandfilldroi  dune  excavation) 

7,200 

CY 

(.00 

28,800 

20.  OX 

5,760 

34,550 

Beach  D 

sandf ill-fro*  dune  excavation 

3,(00 

CY 

(.00 

13,600 

20.02 

2,720 

16.320 

Reach  E 

sandfilldroi  dune  excavation) 

19,000 

CY 

(.00 

76,000 

20.02 

15,200 

91,200 

sand  fence  -  1‘  high 

1,600 

LF 

(.00 

6,(00 

100.02 

6,(00 

12,800 

beach  grass 

1( ,000 

SY 

1.00 

K.OOO 

20.02 

2,800 

16,800 

TOTAL  COST  ACCOUNT  17.  BEACH  REPLEIISBOT 

*16(,(00 

23.12 

138,000 

*202,000 

SAUGUS  SITES 

COST 


accour 

HUES  ITEH  DESCBIPTIOI  QUARITT  OMITS 

UXIT  PRICE 

ESTIMATED 

AMOUR 

C0RIIGEKT 

PEBCER 

CORISGESCT 

AMOUR 

TOTAL  AMOUR 

19.  BUILOIIGS,  GSOUID  AID  UTILITIES 

Bice  Avenue  »it«  restoration 

remove  mil 

250  LF 

10.00 

2,500 

20.  OX 

500 

3.000 

precut  concrete  curb,  bench 

250  LF 

11.00 

2,750 

20.  OX 

550 

3,300 

trees 

«  EA 

212.00 

1,272 

20.  OX 

254 

1,526 

topsoil  nnd  seed 

850  ST 

4.50 

3,825 

20.  OX 

705 

4,590 

precut  concrete  curb 

270  LF 

11.00 

2,970 

20.  OX 

594 

3,564 

shrub*  <3’ -4’ tall) 

50  EA 

25.00 

1,250 

20.  OX 

250 

1,500 

Lynn  parking 

pave  parking  lot  (37,000  sf) 

1  LS 

45,000.00 

45,000 

20.  OX 

9,000 

54,000 

shrubs  (3* -4 ’  tall) 

50  EA 

25.00 

1,250 

20.  OX 

250 

1,500 

topsoil  and  seed 

5,000  SF 

4.50 

22,500 

20.  OX 

4,500 

27,000 

trees 

15  EA 

212.00 

3,180 

20.  OX 

036 

3,316 

Point  of  Pines  -  100  Tear  Stori 

Reaches  B-F  along  structures  site  restoration 
topsoil  and  seed  3,470  ST 

4.50 

15,015 

20.  OX 

3,123 

18,738 

shrubs  (2'-3’tall) 

180  EA 

18.00 

3,240 

20.  OX 

648 

3,888 

precut  concrete  curb 

3,300  LF 

11.00 

30,300 

20.  OX 

7,260 

43,560 

Beaches  B-F 

cross  overs 

13  EA 

7,000.00 

91,000 

20.  OX 

18,200 

109,200 

Bevere  Beach  Park  Dike 

Dike,  site  resoration 
shrub*  (2’-3’tall) 

200  EA 

18.00 

3,000 

20.  OX 

720 

4,320 

trees  (replace) 

30  EA 

212.00 

8,300 

20.  OX 

1,272 

7,632 

TOTAL  COST  ACCOUR  19.  BUILDIIGS,  0B0UID  AID  UTILITIES 

1242,812 

20.  OX 

>48.522 

1291,000 

3333333333333333333333333333333333333333333333333333333. 

3333333323333 

33333333333 

33333333333333 

3333333333333 
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COASTAL  ANALYSIS 


Intrgflvgtipn 

This  section  explains  the  coastal  concerns  which  are  important  in 
evaluating  the  shorefronts  along  Revere  Beach,  Point  of  Pines  and  Lynn 
Harbor.  It  also  describes  coastal  studies  needed  for  design  of  this 
regional  project. 

Revere  and  Lynn  are  coastal  communities  in  Massachusetts  located 
immediately  north  of  the  cities  of  Boston  and  tfinthrop.  Their  shorefront 
is  divided  into  four  separate  areas;  Roughans  Point,  Revere  Beach,  Point 
of  Pines  and  Lynn  Harbor. 

Roughans  Point,  located  just  south  of  Revere  Beach  is  a  summer  and 
year-round  residential  area  fronted  by  bulkhead  and  stone  revetment 
protection  constructed  by  the  Massachusetts  Department  of  Public  Vorks. 

Revere  Beach  is  crescent  shaped  and  has  a  northeast-southwest  orienta¬ 
tion.  It  extends  approximately  3.5  miles  from  Roughans  Point  north  toward 
Point  of  Pines  at  the  mouth  of  the  Saugus  River. 

The  Revere  Beach  Reservation,  under  the  auspices  of  the  Metropolitan 
District  Commission,  extends  the  full  length  of  Revere  Beach.  A  wide 
boulevard  flanked  by  sidewalks  and  pavilions  stretches  the  length  of  the 
Reservation,  paralleling  the  beach.  Various  seawalls  and  concrete  aprons 
along  the  backshore  provide  some  protection  to  the  pavilions,  boulevard 
and  backshore  facilities  during  storm  conditions.  Bathhouses  are  located 
midway  along  the  beach.  Private  residences,  condominiums  and  some  retail 
properties,  as  well  as  the  historic  MDC  Police  Station,  interspersed  with 
refreshment  stands  and  restaurants  border  the  boulevard. 

The  Point  of  Pines  section  is  a  roughly  triangular  shaped  peninsula 
located  at  the  northerly  end  of  Revere  Beach  between  Carey  Circle  and  the 
mouth  of  the  Saugus  River.  About  360  year-round  residences,  a  school, 
yacht  club,  fire  station,  and  two  churches  are  located  in  this  area  which 
features  abodt  3,000  linear  feet  of  shorefront  facing  Broad  Sound. 

The  geography  at  Point  of  Pines  is  such  that  the  widest  beach  is 
located  at  its  northerly  end,  near  the  mouth  of  the  Saugus  River  that  was 
built-up  by  accretion  over  the  years.  The  southern  end  of  Point  of  Pines 
abutting  Revere  Beach  has  no  beachfront  at  high  tide  because  of  the 
erosive  wave  forces.  Rice  Avenue,  a  paved  town  road,  parallels  the  beach 
and  is  partially  protected  from  wave  action  by  stone  revetments  and 
concrete  walls  on  the  southern  end,  and  by  the  sandy  beach  and  dunes  to 
the  north. 

The  entire  shorefront  area  is  exposed  to  open  ocean  waves  coming  from 
the  east  through  the  southeast,  but  is  protected  from  direct  ocean  waves 
from  the  other  quadrants.  The  area  is  protected  from  direct  ocean  wave 
attack  from  the  northeast  by  Big  and  Little  Nahant;  however,  storm  waves 
do  diffract  around  the  Nahants  and  propagate  toward  the  beaches.  The 
Cherry  Island  breakwater  and  Vinthrop  Highlands  provide  some  protection 
from  southerly  wave  attacks. 
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Revere  Beach  and  Point  of  Pines  both  suffer  from  long-term  erosion, 
primarily  due  to  extensive  development  of  the  shoreline  and  the  existence 
of  protective  coastal  structures  which  have  limited  the  landward  advance 
of  the  shoreline  at  the  expense  of  the  beach.  Construction  of  coastal 
barriers  has  reduced  the  volume  of  littoral  material  in  the  system 
resulting  in  an  insufficient  supply  of  replenishment  material.  During 
frequent  serious  storms,  waves  break  against  the  concrete  seawalls  and 
stone  revetments  which  in  turn  reflect  the  wave  energy,  causing  increased 
sand  losses  due  to  scouring  at  the  toe  of  these  structures. 

Offshore  Bathymetry 

The  offshore  bathymetry  is  remarkably  flat  with  the  exception  of  a  few 
lag  deposits  which  are  remnants  of  eroded  drumlins.  These  rock  outcrops 
can  significantly  alter  the  wave  refraction  patterns  (Hayes,  1973). 

The  offshore  sediment  is  fine-grained  and  is  unsuitable  as  a  source  of 
beach  nourishment.  Fine  sand  is  deposited  at  the  southern  portion  of  the 
embayment  in  the  vicinity  of  Simpson's  Pier.  Coarse  sand  from  Lynn  Harbor 
is  transported  by  tidal  currents  and  wave  action.  The  sediment  becomes 
progressively  finer  away  from  the  center  of  the  embayment.  Coarse  sand  is 
concentrated  in  the  central  region  by  the  refraction  of  waves  around  the 
topographic  high  there  (Hayes,  1973). 

Shore  History 

The  Metropolitan  District  Commission's  Revere  Beach  Reservation  was 
designed  by  Charles  Eliot,  a  famous  landscape  architect,  in  the  late 
nineteenth  century,  making  Revere  the  nation's  first  public  beach.  With 
its  convenient  location,  proximity  to  public  transportation,  and  beautiful 
crescentic  shape,  it  became  a  major  bathing  and  amusement  attraction,  and 
one  of  the  most  popular  Metropolitan  Park  Reservations  (EIR,  1982). 

Since  construction  began  over  80  years  ago,  man's  influence  on  the 
coastal  processes  at  Revere  Beach  has  steadily  increased.  Periods  of 
erosion  and  accretion  have  been  observed  at  Revere  since  1900  when 
shoreline  change  information  was  first  recorded.  Around  1897,  construc¬ 
tion  began  at  Revere  Beach  Reservation  with  two  pavilions  built  on  the 
backshore.  Concrete  aprons  with  stepped  surfaces  affronted  the  pavilion 
walls.  By  1898,  many  other  structures  were  built,  including  a  police 
station,  a  bathhouse,  foodstands,  a  wide  boulevard  and  a  promenade  along 
the  beach.  In  1904,  two  more  pavilions  and  the  Northern  Circle  seawall 
were  built.  The  Boston,  Revere  Beach  and  Lynn  railroad  was  moved  from  the 
dune  crest  to  the  edge  of  the  marsh  on  the  backshore  of  the  beach. 

Sleepers  from  the  railroad  were  used  in  the  bulkheads  to  protect  the  new 
pavilions.  In  1910,  the  Eliot  Circle  seawall  was  built,  and  in  1914,  a 
1,500- foot  stepped  seawall  was  built,  extending  southwesterly  from  900 
feet  south  of  Northern  Circle  (EIR,  1982). 

By  1940,  flooding  of  the  backshore  necessitated  replacement  of  the 
standard  concrete  curb  bordering  the  promenade  with  a  concrete  retaining 
wall.  In  1949,  erosion  of  Revere  Beach  from  Shirley  Avenue  to  Northern 
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Circle,  coupled  with  the  deposition  of  stones  and  cobbles  on  the  beach 
face,  had  reduced  Revere 's  attractiveness  as  a  recreational  beach.  A 
cobble  terrace  had  formed  between  Eliot  Circle  and  Shirley  Avenue  despite 
repeated  efforts  to  remove  it.  Shorefront  construction  limited  the 
mobility  of  the  shoreline  and  the  seawall  restricted  the  volume  of 
sediment  available  to  the  beach.  Beach  grooming  and  street  maintenance 
removed  sand  and  gravel  from  the  system,  further  reducing  the  sediment 
supply.  Due  to  the  eroding  beach  face,  the  backshore  protective 
structures  were  damaged  through  exposure  to  destructive  wave  action.  To 
prevent  further  erosion  and  protect  the  backshore  structures,  the  Army 
Corps  of  Engineers  recommended  that  the  beach  elevation  be  raised  to  18 
feet  above  mean  low  water  (MLW) .  In  1954,  the  Metropolitan  District 
Commission  pumped  about  172,000  cubic  yards  of  sandfill  dredged  from  an 
off-shore  borrow  area  onto  the  beach  between  Revere  Street  and  Shirley 
Avenue.  Loss  and  redistribution  of  the  material  occurred  during  the 
construction  operation  resulting  in  about  90,000  cubic  yards  of  material 
remaining  on  the  beach  within  the  area  of  placement.  More  sediment  was 
lost  during  Hurricane  Carol  on  August  21,  1954.  Construction  of  the 
authorized  plan  was  discontinued  due  to  the  high  rate  of  erosion 
experienced  with  the  material  being  used. 

By  1968,  Revere  Beach  was  suffering  from  erosion  which  appeared  to  be 
caused  by  insufficient  replenishment  of  material  transported  alongshore 
and  offshore.  Storm  waves  breaking  against  the  backshore  protective 
structures  increased  erosion  due  to  scour  of  the  beach  face.  It  was  again 
recommended  that  the  beach  elevation  be  raised  to  18  feet  above  MLW  and 
that  the  portion  of  the  beach  above  the  mean  high  water  line  be  widened  to 
an  average  of  185  feet  by  placement  of  suitable  fill  material. 

The  crescentic  shape  of  the  beach  at  the  turn  of  the  century  had  been 
transformed  into  smaller  cyclic  forms  created  by  the  spatial  variability 
in  the  wave  energy  distribution  along  the  beach  and  the  limited  sediment 
supply.  The  dry  beach  width  above  mean  high  water  varies  from  zero  in 
high  energy  areas  to  about  200  feet  in  more  sheltered  sections.  This 
narrow  width  not  only  reduces  the  recreational  attractiveness  of  the  beach 
but  increases  exposure  of  the  seawall  to  storm  wave  damage  and  over¬ 
topping  . 

Waves 

Broad  Sound  is  open  to  direct  ocean  waves  from  the  east  through  south- 
southwest;  however,  the  shallow  water  within  Broad  Sound  dissipates  much 
of  the  wave  energy.  Except  for  severe  storm  surge  conditions,  the  waves 
reaching  the  shore  are  relatively  small. 

Wave  information  has  been  hindcast  from  climatological  data  assembled 
into  a  data  base  of  wave  parameter  data  by  the  U.S.  Army  Engineer  Water¬ 
ways  Experiment  Station.  The  wave  data  used  for  Broad  Sound  was  developed 
for  a  location  offshore  of  Nahant  in  approximately  30  feet  of  water. 

Between  1970  and  1975,  swells  were  present  only  19Z  of  the  time.  The 
water  was  calm  during  the  remaining  time.  The  swell  wave  heights  were 
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smaller  Chan  10  feet  wich  44X  of  Che  waves  less  Chan  1.5  feec.  The  swell 
wave  periods  were  less  chan  13  seconds  wich  55X  of  Che  periods  becween  5 
and  9  seconds.  Locally  generaced  waves  were  presenc  50X  of  Che  clme  from 
1970  Co  1975.  Maximum  sea  significanC  wave  heighcs  were  13  feec  high  and 
maximum  wave  periods  reached  11  seconds;  however,  over  40X  of  Che  sea 
significanC  waves  had  periods  of  becween  3  and  7  seconds  and  heighcs  of 
less  Chan  1.5  feec.  MosC  of  Che  locally  generaCed  waves  emanace  from  Che 
norch  chrough  che  southeast,  wich  Che  largesc  concencraCion  from  Che 
north.  Nearly  85X  of  Che  swell  is  also  from  Che  norch.  The  remaining  15X 
is  from  Che  easC-souCheasC. 

Using  wind  daCa  from  Logan  Airporc  Co  hindcasC  wave  informacion,  and 
wave  daca  developed  by  CERC  for  Che  Technical  Report  "Frequency  of  Coastal 
Flooding  at  Roughans  Point,  Broad  Sound,  Lynn  Harbor,  and  Che  Saugus  - 
Pines  River  SysCem”,  wave  conditions  within  Broad  Sound  were  determined. 
The  locally  generated  waves  were  generally  small,  less  Chan  3  feet  high 
wich  periods  under  4.5  seconds.  Direct  ocean  waves  from  east  chrough 
southeast  propogaced  into  Broad  Sound.  From  other  directions  Che  waves 
diffracc  around  islands  or  headlands  Co  reach  Broad  Sound.  Although 
shallow  water  depths  within  Che  sound  dissipate  some  of  Che  deep  water 
wave  energy,  waves  approaching  Che  beach  can  reach  over  9  feet  in  height 
wich  periods  up  Co  14  seconds  (T.R.  CERC-86-8). 

On  December  29,  1959  a  severe  storm  occurred  at  Revere  Beach.  The 
storm,  estimated  to  have  a  recurrence  interval  of  14  years,  creaCed  a 
surge  9.5  feec  above  Che  National  Geodetic  Vertical  Datum  (NGVD) ,  adjusted 
Co  1975  mean  sea  level.  The  maximum  wave  height  to  occur  within  the  study 
area  was  8.6  feet  wich  an  associaCed  wave  period  of  8.0  seconds. 

Tidal  Currents 

Tidal  currents  measured  in  July  and  September  1972  reveal  a  regular 
distribution  of  peak  tidal  flows  in  Broad  Sound.  Peak  velocities  of  0.68 
ft/sec  to  the  north  during  flood  and  1.1  ft/sec  to  the  south  during  ebb 
were  observed  about  one  nautical  mile  offshore  of  Revere  Beach  in  ten  feet 
of  water  (MLW) .  The  velocity  distributions  over  a  tidal  period  are 
strongly  asymmetrical  and  peak  velocities  typically  occur  less  than  10X  of 
the  time. 

Sediment  Iranspgrt 

The  changes  in  beach  widths  and  composition  at  Revere  are  due  to  the 
effects  of  sheltering  and  offshore  bathymetry  on  the  wave  field  causing  a 
variation  in  wave  energy  along  the  shoreline,  which  in  turn,  influences 
the  rate  of  littoral  transport.  Littoral  transport  is  the  movement  of 
sedimentary  material  within  the  surf  zone  by  waves  and  currents,  and  is 
classified  as  either  onshore/of f shore  or  as  longshore  transport.  Onshore/ 
offshore  transport  is  the  movement  of  sediment  perpendicular  to  the  shore¬ 
line.  Longshore  transport  is  movement  parallel  to  the  shoreline.  The 
trajectory  of  a  sedimentary  particle  .ypically  has  both  an  onshore/ 
offshore  and  a  longshore  component. 
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Wave- induced  longshore  currents  are  the  principal  influence  of 
sediment  transport  in  the  coastal  zone.  Other  factors  influencing  the 
sedimentation  patterns  along  the  beach  include  tidal  currents,  wind 
action,  freshwater  run-off  and  drainage,  and  the  placement  of  artificial 
fill  material;  however,  these  factors  are  only  significant  in  unusual 
circumstances .  In  comparison  to  wave- induced  transport,  the  volume  of 
sediment  transported  along  Revere  Reach  by  tidal  currents  is  small  except 
in  the  vicinity  of  Point  of  Pines  where  local  hydraulics  and  sediment 
supply  are  in  near  equilibrium  (Bohlen,  1979). 

Sediment,  suspended  by  breaking  wave  action  is  carried  and  distributed 
alongshore  by  both  the  component  of  the  wave  energy  in  an  alongshore 
direction  and  the  longshore  current  generated  by  the  breaking  wave.  The 
direction  of  the  longshore  transport  is  directly  related  to  the  angle  of 
wave  approach  with  the  shoreline.  Therefore  because  of  the  variation  in 
the  angle  of  the  wave  approach,  the  direction  of  longshore  transport  may 
vary  at  random,  but  in  most  areas  it  varies  seasonally.  The  rate  of  long¬ 
shore  transport  is  dependent  on  the  angle  of  wave  approach,  duration,  and 
wave  energy.  Although  high  storm  waves  generally  move  more  material  per 
unit  time  than  that  moved  by  low  waves,  because  of  their  longer  duration, 
low  waves  could  move  more  sediment  than  storm  waves  over  the  long-term. 
Because  reversals  in  transport  direction  occur,  and  because  different 
types  of  waves  transport  material  at  different  rates,  two  components  of 
the  longshore  transport  rate  are  important,  the  net  rate  and  the  gross 
rate.  The  net  longshore  movement  of  sediment  at  a  given  beach  is  the  sum 
of  the  material  transported  by  all  the  individual  wave  trains.  The  second 
component  is  the  gross  rate,  the  total  of  all  material  moving  past  a  given 
point  in  a  year  regardless  of  direction.  Most  shores  consistently  have  a 
net  annual  longshore  transport  in  one  direction. 

Determining  the  direction  and  amount  of  average  net  and  gross  annual 
longshore  transport  is  important  in  developing  shore  protection  plans . 
However,  it- is  generally  not  feasible  to  directly  measure  the  littoral 
drift  so  the  magnitude  of  the  longshore  transport  is  difficult  to 
determine.  Traditionally,  there  are  three  major  methods  for  determining 
the  rate  of  longshore  transport.  The  best  method  is  to  modify  the  known 
longshore  transport  rate  at  a  nearby  site  to  local  conditions.  The  next 
best  method  is  to  calculate  the  longshore  transport  from  historical  data 
showing  changes  in  topography  in  the  littoral  zone.  It  is  also  possible 
to  calculate  a  longshore  component  of  "wave  energy  flux”  which  is  related 
through  an  empirical  curve  to  the  longshore  transport  rate.  Because 
calculation  of  wave  energy  flux  is  often  easier  and  more  consistent  than 
researching  hydrographic  records  and  estimating  changes  between  local 
conditions,  the  wave  energy  flux  technique  is  frequently  the  most 
efficient  method  to  use. 

The  wave  energy  flux  method  is  based  on  the  assumption  that  the  long¬ 
shore  transport  rate  is  dependent  on  the  longshore  component  of  energy 
flux  in  the  surf  zone,  which  is  approximated  by  assuming  conservation  of 
energy  of  shoaling  waves  and  evaluating  the  energy  flux  relation  at  the 
breaker  position.  This  method  tends  to  overestimate  the  longshore 
transport  rate  for  higher  values  of  the  energy  flux. 

Coast- 6 


Using  Che  wave  energy  flux  method,  the  rate  of  longshore  sedimenC 
transport  at  Revere  Beach  was  estimated  assuming  that  sufficient  sediment 
was  available  for  transport.  Wave  data  hindcast  from  wave  information  was 
used  to  determine  the  wave  energy.  Frequency  of  occurrence  was  determined 
for  each  wave  height,  period,  direction  combination  to  develop  a  wave  rose 
for  Broad  Sound.  Because  of  differences  in  the  angles  of  shoreline 
orientation  and  exposure  to  ocean  wave  action,  Revere  Beach  was  divided 
into  four  reaches  in  order  to  analyze  the  rate  of  sediment  transport  along 
the  beach.  The  volume  of  erosion  or  accretion  is  dependent  upon  the 
gradient  of  the  rate  of  sediment  transport  along  the  beach.  Sediment  is 
transported  north  and  south  out  of  the  middle  region  resulting  in 
accumulation  of  sediment  at  the  northern  end  of  Point  of  Pines  and  the 
southern  end  of  Revere  Beach.  The  results  of  the  sediment  transport 
analysis  indicate  that  there  is  sufficient  wave  energy  within  Broad  Sound 
to  transport  around  1,300  cubic  yards  of  sediment  to  the  southwest  and 
3,500  cubic  yards  to  the  northeast  resulting  in  a  net  transport  of  2,200 
cubic  yards  to  the  northeast  assuming  sufficient  sediment  is  available  for 
transport.  The  net  rate  of  sediment  transport  in  the  southern  end  of  the 
shoreline  would  be  about  900  cubic  yards  per  year  southward.  The  northern 
region  of  Revere  Beach  would  experience  a  net  rate  of  transport  of 
approximately  800  cubic  yards  per  year  towards  Point  of  Pines  where  the 
sediment  appears  to  be  accumulating.  These  low  rates  are  due  to  the 
sheltering  effects  of  the  Nahants  and  the  shallow  water  depths  in  Broad 
Sound.  Because  extreme  storm  activity  is  an  important  factor  in 
determining  the  magnitude  and  net  direction  of  littoral  drift,  especially 
in  low  energy  areas  where  the  normal  wave  climate  has  little  influence  on 
shoreline  processes,  the  results  of  this  analysis  should  be  used  with 
caution,  and  the  littoral  drift  rates  should  be  considered  as  a  gross 
estimate  of  the  actual  littoral  drift  (Walton,  1976).  However,  this 
analysis  clearly  indicates  that  if  sediment  were  placed  along  the  beach, 
the  volume  in  the  middle  region  could  be  expected  to  be  slowly  transported 
north  and  south  away  from  the  middle. 

The  results  of  the  sediment  transport  analysis  are  supported  by  Hayes 
(1973)  in  his  evaluation  of  morphology  and  grain-size  trends  at  Revere 
Beach  which  indicate  that  the  predominant  drift  direction  along  Revere 
Beach  is  from  south  to  north.  He  stated  that  this  predominant  direction 
resulted  from  hurricane  winds  and  southeasterly  winds  that  blow  early 
during  northeasters. 

Bohlen  (1978)  also  found  similar  results  from  his  refraction  analysis 
of  Broad  Sound.  His  refraction  study  showed  that  wave  energy  was 
concentrated  in  the  areas  adjacent  to  the  bathhouse  pavilion,  between 
Beach  and  Revere  Street,  causing  increased  erosion  of  the  beach  in  those 
locations.  The  sediments  transported  away  from  this  nodal  point  appear  to 
accumulate  to  the  south  in  the  vicinity  of  Eliot  Circle  and  Roughans  Point 
and  to  the  north  in  the  area  affronting  cak  Island  Street. 

As  mentioned  above,  the  incident  wave  field  also  produces  an  onshore/ 
offshore  component  of  sediment  transport.  Guidelines  for  the  determina¬ 
tion  of  the  rates  of  onshore/offshore  transport  are  even  less  firmly 
established  than  for  longshore  transport,  therefore  the  magnitude  of  this 
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couponent  is  difficulc  Co  evaluate,  but  ic  appears  Co  be  extremely 
limited.  The  race  of  onshore/offshore  cransporc  is  relaced  Co  wave 
sceepness,  sediment  size  and  beach  slope.  In  general,  high  sCeep  waves 
move  macerial  offshore;  and  long,  low  waves  move  maCerial  onshore. 

Onshore/offshore  cransporc  appears  Co  vary  significantly  with  location 
along  Che  beach  and  with  tidal  elevation.  More  sediment  is  transported 
onshore/offshore  during  high  cide  periods  wich  maximum  Cransporc  related 
to  maximum  wave  energy.  Historically  Che  erosion  race  has  varied 
substantially .  Over  Che  46-year  time  period  from  1900  to  1946  Che  net 
losses  averaged  out  to  approximately  2,400  cubic  yards  per  year.  If  Che 
entire  62  year  period  of  record  is  examined  for  Che  13,000  feet  of  Revere 
Beach  a  nec  accretion  of  39,500  cubic  yards  appears  to  have  accrued 
However,  during  this  period  of  time  172,000  cubic  yards  of  native  fill 
macerial  were  pumped  onco  Che  beach  from  direccly  offshore  along  che 
southern  5,000  feec  of  beach.  So  in  essence,  che  beach  actually 
experienced  a  net  loss  of  approximately  132,500  cubic  yards.  When 
averaged  ouc  over  this  62 -year  time  frame,  this  equates  to  an  annual  loss 
of  approximately  2,200  cubic  yards.  It  should  be  pointed  out  that  over 
this  extended  time  period  during  any  given  year  annual  erosion  rates  have 
varied  substantially  due  to  seasonal  changes  or  as  a  result  of  severe 
storm  events.  As  stated  in  the  1968  NED  report  for  Revere  Beach,  4,000 
cubic  yards/year  appears  to  be  a  representative  average  annual  erosion 
rate  for  the  native  beach  material  in  light  of  the  losses  that  were 
experienced  between  1900-1946  in  the  eroding  sector.  This  figure  is 
strictly  an  estimated  average  annual  erosion  rate  and  does  not  take  into 
account  the  effects  a  severe  coastal  storm  such  as  a  100-year  event  or 
even  a  Standard  Project  Northeaster  (SPN)  would  have  on  the  beach. 

Transportation  of  Artificial  Fill 

The  average  composition  of  the  native  sediment  is  used  to  evaluate  che 
suitability  of  potential  borrow  sand  because  the  native  textural  patterns 
are  assumed  to  be  the  direct  response  of  sand  sorting  by  natural 
processes.  It  is  assumed  that  these  same  processes  will  redistribute 
artificial  nourishment  along  Che  profile  in  a  similar  textural  pattern  as 
the  native  sand  considering  the  differences  between  native  and  borrow  sand 
texture.  Sorting  and  winnowing  action  by  waves,  tides  and  currents  will 
therefore  tend  to  generally  transport  liner  material  seaward.  Extremely 
fine  particle  sediment  will  be  transported  offshore  and  lost  from  the 
active  littoral  zone.  During  storm  conditions,  material  finer  than  that 
found  on  the  natural  beach  will  be  transported  offshore  to  a  depth 
compatible  vith  its  size  forming  flatter  nearshore  slopes  than  before 
placement.  Fill  coarser  than  material  found  on  the  natural  beach  will 
tend  to  remain  on  the  foreshore  and  may  produce  a  steeper  beach,  However, 
coarser  material  moved  offshore  during  storms  may  not  be  returned  to  the 
beach  during  post-storm  recovery  periods.  With  time  the  coastal  processes 
affecting  the  shoreline  will  distribute  the  artificial  material  in  such  a 
manner  that  the  sedimentation  patterns  vill  resemble  the  native  conditions 
and  in  doing  so  will  reduce  the  original  volume  of  fill  placed  on  the 
beaches . 
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Material  found  in  an  abandoned  1-95  embankment  appears  to  be  very 
suitable  for  beach  renourishment  with  an  overfill  factor  of  about  1.01. 
Both  the  MDC  and  Saugus  are  developing  plans  for  future  use  of  the 
remaining  fill  (That  part  of  the  embankment  remaining  upon  completion  of 
the  Revere  Beach  Erosion  Control  Project),  such  as  converting  it  into  a 
linear  park  or  even  restoring  part  of  the  area  back  into  marshland.  These 
plans  have  a  direct  effect  on  the  quantity  of  sand  available  to  be 
recovered  from  the  embankment.  There  is  also  environmental  interest  in 
removing  all  of  the  I-9S  fill,  however  this  is  unlikely  to  occur  due  to 
local  opposition  contending  chat  the  fill  provides  some  measure  of  flood 
protection.  (GDM,  1986) 


It  is  expected  that  the  future  shoreline  conditions  at  Revere  Beach 
and  Point  of  Pines  will  be  different  than  those  today.  Currently,  plans 
and  specifications  are  being  prepared  for  the  Revere  Beach  Erosion  Control 
Project  which  is  anticipated  to  be  constructed  by  the  Corps  in  FY  90, 
pending  the  acquisition  of  local  permits.  The  Revere  Beach  project 
consists  of  placing  a  50-foot  sandfill  berm  along  the  entire  13,000  feet 
of  Revere  Beach  shoreline  at  an  elevation  of  13.5  feet  NGVD  (18'  MLV)  with 
a  1  on  15  seaward  slope.  The  proposed  material  source  is  the  abandoned 
1-95  embankment  located  approximately  seven  miles  from  the  project  site. 
(GDM,  1986) 

Even  though  the  Revere  Beach  Project  is  expected  to  be  completed  prior 
to  construction  of  the  Regional  Flood  Damage  Reduction  project,  the 
existing  without  project  condition  for  this  report  assumes  that  back  to 
back  storms  may  negate  the  nourishment  of  Revere  Beach  and  therefore  does 
not  take  any  benefits  for  the  Revere  Beach  project.  The  beach  was  only 
designed  to  provide  full  protection  against  a  storm  with  a  2 -year 
recurrence.  The  sandfill  will  provide  some  protection  for  more  severe/ 
less  frequent  storm  events.  However,  currently  there  is  no  definitive 
method  of  determining  whether  the  sandfill  will  remain  during  the  design 
storm,  anSPN  and  as  a  result  the  conservative  approach  of  assuming  that  it 
will  not  afford  any  substantial  measure  of  protection  during  these  storm 
events  was  taken.  These  conservative  assumptions  used  either  the  existing 
or  an  eroded  profile  between  Beach  and  Revere  Streets  (Reach  B) ,  and  also 
at  the  northern  3,000  feet  of  beach  (Reach  D) .  The  future  stability  of 
the  beach  was  also  discussed  with  and  reviewed  by  Dr.  Frank  Bohlen,  an 
Oceanographer  familiar  with  coastal  processes .  The  results  of  his 
analysis  are  presented  in  the  Plan  Formulation  Appendix.  As  in  the  past, 
both  reaches  A&C  of  the  beach  shown  on  plates  D17-D22  should  remain  stable 
in  the  future. 

The  beach  and  dunes  at  Point  of  Pines  have  proved  effective  in  the 
past  for  protecting  against  tidal  flooding.  During  the  blizzard  of  1978 
(100-yr  frequency  event)  a  low  point(s)  (pedestrian  path)  in  the  dunes  was 
only  overtopped  at  the  time  of  highest  tide.  Construction  of  the  Revere 
Beach  Erosion  Control  Project  will  add  to  the  supply  of  sand  for  Point  of 
Pines,  most  likely  resulting  in  the  trapping  and  deposition  of  sand  at  the 
northern  end  of  Point  of  Pines  as  has  been  historically  evident.  With 
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this  in  aind,  it  is  expected  thst  the  beech  and  dunes  at  Point  o£  Pines 
will  maintain  their  current  level  of  flood  protection  in  the  future, 
provided  that  continued  trampling  of  the  dunes  at  the  end  of  each  street 
does  not  eventually  cause  complete  deterioration  of  the  backshore  dunes . 


The  coastal  shorefront  along  Revere  and  Lynn  Harbor  was  analyzed  for 
wave  runup  and  overtopping  above  existing  and,  where  applicable,  above 
proposed  structures  for  various  tide  levels.  The  results  are  shown  in  the 
Hydraulics  and  Hydrology  Appendix.  Along  Revere  Beach  the  runup  analysis 
profiles  were  developed  from  available  mapping  at  the  start  of  the  study 
using  beach  elevations  shown  on  1981  and,  in  part,  1973  topographic 
mapping  on  Plates  D17  to  D22.  Seawall  elevations  for  the  initial  runup 
and  overtopping  analysis  were  available  from  1977  Hydrographic  mapping. 
More  up  to  date  profiles  of  the  beach  and  seawalls,  shown  on  Plates  D23  to 
D31,  were  obtained  during  investigations  of  the  Revere  Beach  Erosion 
Control  Project  in  1984.  The  updated  surveys  show  additional  profiles 
along  the  beach  and  seawalls,  but  would  not  significantly  change  the 
initial  runup  and  overtopping  analysis.  These  profiles  reflect  the 
existing  conditions  of  the  beach  and  seawall.  Conditions  should  not  be 
allowed  to  erode  to  the  point  where  overtopping  would  increase  along  the 
beach  resulting  in  increased  flood  damage,  or  increased  flow  into  the 
estuary  which  could  affect  flooding  in  adjacent  communities. 

The  proposed  Regional  Saugus  River  Floodgate  plan  for  coastal  flood 
protection  at  Revere  Beach  consists  of  a  number  of  elements.  First  is  to 
maintain  the  entire  beach  and  seawalls  from  Eliot  Circle  to  Carey  Circle 
to  existing  dimensions.  The  authorized  Revere  Beach  Project  would 
effectively  accomplish  this  requirement.  Second  is  the  construction  of 
3,420  feet  of  park  dike  along  the  southern  portion  of  the  backshore  to 
contain  floodwaters  overtopping  the  beach  and  seawalls.  Third  is  the 
construction  of  a  500  foot  concrete  wall  along  a  northern  segment  of  the 
backshore  about  3,600  feet  south  of  Carey  Circle  to  create  a  12  acre 
ponding  area  for  containing  and  draining  floodwaters  overtopping  the  beach 
and  seawall.  All  of  these  structures  are  intended  to  either  prevent 
coastal  floodwaters  from  penetrating  any  substantial  distance  beyond  the 
immediate  shoreline,  or  to  direct  them  away  from  developed  areas  and  thus 
prevent  damages. 

Proposed  flood  protection  at  Point  of  Pines  also  consists  of  three 
features.  To  the  south,  from  Carey  Circle  to  Alden  Avenue,  a  stone  revet¬ 
ment  fronted  by  sandfill  is  proposed.  Sandfill  fronting  the  revetment 
would  serve  to  protect  the  revetment  toe  from  erosion,  is  less  costly  than 
hauling  the  excavated  sand  to  a  disposal  site,  and  would  coincidentally 
replace  the  beach  area  covered  by  the  new  revetment. 

Although  the  existing  beach  and  sand  dunes  from  Alden  Avenue  to  the 
northern  tip  of  Point  of  Pines  provide  a  high  level  of  flood  protection 
(up  to  a  100-yr.  event  if  maintained)  and  wave  heights  in  this  area  are 
significantly  less  than  those  at  Revere  Beach,  the  Inability  to  accurately 
predict  storm  induced  erosion  precluded  consideration  of  beach  and  dunes 
as  the  solitary  protective  feature  against  flooding  in  excess  of  a  100-yr. 
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event  for  this  area.  To  increase  the  degree  of  confidence  in  the  flood 
protection  in  this  area  and  to  protect  the  integrity  of  the  Regional  plan, 
it  is  proposed  to  construct  a  stone  revetment  under  the  existing  line  of 
dunes.  This  would  decrease  flood  waters  overtopping  the  backshore  in  the 
event  that  the  dunes  were  breached.  Because  the  beach  fronting  the 
proposed  revetment  is  essential  in  reducing  runup  reaching  the  revetment 
and  the  backshore  dunes  are  an  important  feature  for  maintaining  beach 
dimensions,  it  is  highly  important  that  the  dunes  to  be  replaced  over  the 
new  revetment  be  maintained  and  protected  against  erosion.  Protection 
measures  include  boardwalks  at  the  end  of  each  street  for  pedestrian 
traffic  over  the  dunes,  a  sand  fence  to  trap  sand  from  blowing  off  the 
dunes  and  the  planting  of  beach  grass  to  help  stabilize  the  dunes. 

To  complete  the  flood  protection  at  Point  of  Pines  a  concrete  wall  is 
proposed  to  be  constructed  along  the  Saugus  River  from  the  end  of  the  sand 
dunes  to  the  floodgate  dike.  Although  this  area  is  not  subjected  to  any 
significant  wave  action,  the  wall  height  was  designed  based  on  runup  from 
wave  action,  thereby  providing  a  high  degree  of  confidence  chat  no  over¬ 
topping  would  occur.  Likewise,  the  Saugus  River  Floodgate  was  designed 
using  runup  caused  by  wave  action  in  this  area,  (see  Hydrology  & 

Hydraulics  Appendix) 

The  proposed  features  of  flood  protection  at  Lynn  Harbor  consist  of 
various  dikes  and  floodwalls.  These  structures  present  little  or  no 
change  to  the  existing  littoral  processes  of  that  area,  while  increasing 
erosion  control  as  well  as  the  level  of  flood  protection. 

Models 

Recently,  Dr.  Nicholas  Kraus  and  associate,  Magnus  Larson,  of  the 
Coastal  Engineering  Research  Center  (CERC)  developed  a  numerical  model 
Chat  predicts  storm  induced  beach  erosion  more  accurately  than  previous 
models.  This  model,  called  SBEACH,  is  time  dependent  and  is  therefore 
applicable  to  the  SPN  design  storm.  Although  SBEACH  is  not  a  two  dimen¬ 
sional  model,  it  has  performed  well  in  simulating  the  evolution  of  the 
beach  profile  and  formation  and  movement  of  the  main  breakpoint  bar  in 
response  to  breaking  waves.  Also,  this  model  has  displayed  the  capability 
to  produce  beach  recovery  on  the  foreshore  during  post  storm  periods 
(Kraus  &  Larson,  1988).  During  Preconstruction  Engineering  &  Design 
(PE&D) ,  the  New  England  Division  plans  on  utilizing  the  services  of  CERC 
to  run  the  SBEACH  storm  induced  beach  erosion  model  on  both  Revere  Beach 
and  Point  of  Pines. 

SBEACH  modelling  can  be  used  to  help  determine  the  stability  of  the 
beach  and  dunes  at  Point  of  Pines.  Because  of  the  smaller  wave  heights  in 
this  region  of  Broad  Sound  it  is  possible  that  SBEACH  could  be  used  to 
design  a  beach  and  dune  system  as  a  stand  alone  structure  that  will  offer 
at  least  the  same  level  of  protection  as  the  currently  proposed  plan  with 
an  equal  degree  of  confidence.  If  the  beach/dune  dimensions  developed  in 
the  modelling  appear  reasonable,  it  might  prove  cost  effective  to  replace 
the  proposed  revetment/dunes  alternative  with  a  more  extensive  beach/dunes 
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configuration.  It  is  also  conceivable  that  the  revetment  on  the  southern 
end  of  Point  of  Pines  could  be  replaced  with  a  beach/dune  flood  protection 
system.  This  of  course  depends  on  whether  the  sandfill  design  is  less 
costly  than  the  proposed  revetments.  Potential  savings  are  impossible  to 
calculate  without  knowing  the  dimensions  of  the  protective  beach/dunes 
design  or  how  much  of  the  proposed  revetment  may  be  replaced.  One 
possible  source  of  fill  material  is  the  abandoned  1*95  embankment  to  be 
used  as  a  borrow  area  for  the  Revere  Beach  Project,  and  where  sand  will  be 
excavated  for  the  mitigation  plan  (see  section  entitled  "Transportation  of 
artificial  fill”).  Also,  material  may  be  available  from  dredging  for  the 
floodgate  structure  provided  subsurface  explorations  show  that  there  is 
sufficient  suitable  material  available.  Depending  on  quantities  of 
material  required  to  develop  a  protective  beach/dunes  system  an  alternate 
material  source  may  be  required,  thereby  significantly  adding  to  the 
construction  cost  of  this  alternative.  All  of  these  factors  would  be 
examined  during  PE&D. 

SBEACH  modelling  at  Revere  Beach  could  be  used  to  determine  the 
stability  of  the  authorized  beach  profile  during  various  storm  events, 
combined  with  high  energy  incident  waves.  The  results  of  this  model  would 
help  determine  the  fate  of  the  beach  during  a  high  intensity  storm  such  as 
a  500-year  event  or  a  SPN  event.  With  this  information  the  without 
project  condition  can  be  better  defined  and  appropriate  flood  protection 
benefits  could  be  applied  to  the  Revere  Beach  sandfill  if  applicable.  It 
is  currently  believed  that  the  beach  would  have  little  effect  in  flood 
prevention  near  or  above  a  10-yr.  frequency  event.  The  SBEACH  model  is 
not  intended  to  be  used  to  design  a  beach/dune  configuration  for  the 
purpose  of  flood  protection  at  Revere  Beach  as  is  the  case  at  Point  of 
Pines .  The  high  energy  waves  prevalent  at  Revere  Beach-  would  most 
certainly  dictate  a  large  sand  dune  to  be  placed  on  top  of  the  proposed 
berm  to  provide  flood  protection  with  the  same  degree  of  confidence  as  the 
proposed  project.  This  would  require  retaining  walls  along  the  backshore 
and  would  be  aesthetically  unacceptable  to  the  local  interests. 

In  the  event  that  a  beach/dunes  design  is  the  most  economical  alterna¬ 
tive  for  providing  flood  protection  at  Point  of  Pines,  without  sacrificing 
the  degree  of  confidence  in  that  protection,  the  determination  of  the 
required  maintenance  costs  for  this  feature  becomes  Important.  The 
Coastal  Engineering  Research  Center  offers  numerical  modelling  of  shore¬ 
line  changes  and  sediment  budget  analysis  that  can  help  to  estimate  the 
quantities  and  direction  of  longshore  transport  within  Broad  Sound.  This 
model,  called  GENESIS,  would  only  be  used  if  the  beach/dunes  alternative 
at  Point  of  Pines  is  recommended  to  replace  the  proposed  revetment  in  the 
selected  plan.  Because  the  supply  of  sediment  to  the  Point  of  Pines 
shoreline  comes  from  Revere  Beach,  both  Point  of  Pines  and  Revere  Beach 
would  have  to  be  modelled  by  GENESIS  in  order  to  adequately  define  the 
overall  processes  in  the  area.  This  modelling  would  be  an  extension  of 
the  sediment  transport  analysis  completed  for  the  Revere  Beach  Erosion 
Control  Project  as  previously  discussed  (GDM,  1986). 

Negotiations  are  ongoing  between  the  New  England  Division  and  CERC 
concerning  the  previously  mentioned  modelling  efforts.  A  preliminary 
proposal  by  CERC  dated  4  January  1989  has  been  submitted  to  NED  and  is 
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currently  being  evaluated.  It  should  be  noted  that  the  final  scope  of 
work  may  differ  substantially  from  that  of  the  CERC  proposal.  The 
estimated  cost,  scope  of  work  and  schedule  of  modeling  can  be  fo^nd  in  the 
Engineering  &  Design  cost  portion  of  this  appendix  under  Design  Branch, 
CE&SS . 

Navigation 

Presently  a  final  report  is  being  prepared  for  submission  to  the 
Office  of  the  Chief  of  Engineers  (OCE)  proposing  the  establishment  of  a 
federal  channel  entering  the  Saugus  River  at  a  depth  of  8-feet  MLW.  The 
ISO- foot  wide  channel  was  designed  to  accommodate  two  way  fishing  vessel 
traffic.  Under  the  General  Edwards  Bridge  the  channel  narrows  to  100- feet 
in  width  to  pass  between  the  bridge  support  structures.  It  should  be 
noted  that  there  are  larger  vessels  navigating  this  waterway  than  those  in 
the  fishing  fleet,  such  as  a  small  oil  tanker  that  provides  fuel  once  a 
month  for  the  General  Electric  (G.E.)  plant,  Just  west  of  the  General 
Edwards  Bridge.  Obviously,  traffic  under  the  bridge  is  limited  to  one 
direction  while  these  larger  vessels  are  present. 

The  navigation  opening  in  the  tidal  flood  barrier  was  designed  using 
information  from  the  Saugus  River  Navigation  Study.  In  an  effort  to 
minimize  construction  costs  the  width  of  the  opening  was  set  equal  to  that 
of  the  100- foot  restriction  under  the  General  Edwards  Bridge.  The  sill  of 
the  navigation  opening  was  set  at  an  elevation  of  13.5  feet  below  MLV 
(-18'  NGVD)  which  is  below  the  existing  channel  bottom  in  this  area,  and 
well  below  the  proposed  Federal  channel  depth.  This  should  not  create  any 
problems  for  vessel  traffic  including  the  oil  tankers  supplying  G.E,  and 
will  allow  for  a  greater  flow  area  and  depth  to  drain  the  estuary. 

Discussions  with  the  Waterways  Experiment  Station  (WES)  and  the  Cape 
Cod  Canal  have  led  to  the  determination  that  a  current  of  3  knots  (5.1 
fps)  or  less  would  have  no  significant  impact  to  navigation  even  though 
local  velocities  of  1.4  knots  presently  cause  difficulty  to  vessels 
traveling  under  the  General  Edwards  Bridge.  Although  these  problems  are 
caused  by  the  current,  it  is  felt  that  the  inefficient  hydraulic  flows 
around  the  bridge  abutments  are  the  major  cause  for  difficulties  to 
navigation  and  not  the  currents  themselves.  It  was  also  determined  that 
the  restriction  in  width  did  not  directly  cause  problems  to  navigation. 
Using  the  3  knot  maximum  velocity  as  a  design  criteria,  ten  flushing  gates 
were  added  to  the  flood  barrier  to  maintain  tidal  currents  through  the 
navigation  opening  at  an  acceptable  level.  (See  Hydrologic  and  Hydraulic 
Appendix) 

The  cost  of  the  entire  flood  barrier  is  extremely  sensitive  to  the 
width  of  the  opening  required  for  maintaining  acceptable  tidal  currents. 
The  standards  for  setting  the  limits  of  acceptable  currents  are  determined 
by  safe  navigation  requirements .  Although  experience  has  determined  that 
a  3  knot  velocity  limit  would  be  safe  for  this  channel  configuration,  a 
ship  simulation  model  is  being  considered  for  use  during  PF*tD  because  the 
overall  project  cost  is  affected  by  the  tidal  current  limit,  and  safe 
navigation  is  a  priority.  In  addition  to  the  simulation  model,  a  model 
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should  be  run  on  the  hydraulic  flows  effected  by  the  navigation  and 
flushing  gates.  This  model  would  provide  much  information  about  the  study 
area  including  information  about  currents  and  eddies  through  and  around 
the  navigation  gates.  (See  Hydrologic  and  Hydraulic  Appendix) 

Dredging 

Prior  to  construction  of  the  Saugus  River  Tidal  Floodgates,  the  river 
bottom  in  the  vicinity  of  the  structure  must  be  dredged  down  to  appro¬ 
priate  construction  grades.  It  is  proposed  that  the  dredging  be  performed 
by  a  mechanical  dredge  and  that  the  material  be  carried  and  dumped  by  scow 
at  the  Foul  Area  Disposal  Site,  located  approximately  20  miles  from  the 
project  site,  shown  on  Figures  5  &  6.  Because  the  construction  of  the 
Floodgates  would  take  place  over  a  period  of  years,  it  is  proposed  that 
the  dredging  be  performed  in  phases  associated  with  the  separable  elements 
of  construction.  There  are  three  dredging  phases  proposed. 

1)  Site  Preparation:  As  shown  on  plate  D2A,  a  large  area  surrounding 
gates  1-9  will  be  dredged  to  a  depth  of  9.5  feet  below  MLW  (-14'  NGVD) . 
This  is  to  allow  for  access  of  construction  equipment,  and  being  greater 
in  depth  than  the  proposed  Federal  Navigation  project  will  also  meet  any 
temporary  navigation  requirements  during  construction. 

2)  Phases  1A  &  IB:  Prior  to  construction  of  the  cofferdam  at  the 
navigation  gate,  the  area  within  that  dam  will  be  dredged  to  a  depth  of 
23.0'  below  MLW  (-27.5'  NGVD).  Also  the  area  of  the  cofferdam  surrounding 
tainter  gates  1-4  will  be  dredged  to  a  depth  of  17.5’  below  MLW  (-22' 

NGVD) .  These  are  the  proposed  construction  grades  for  these  structures 
and  are  shown  on  plate  D4.  Dredging  for  phases  1A  &  IB  should  be  done 
concurrently  with  the  site  preparation  dredging  and  prior  to  construction 
of  the  Phase  1  cofferdams. 

3)  Phases  2A  &  2B:  After  removal  of  the  cofferdams  associated  with 
phases  1A  &  IB,  the  area  of  the  cofferdams  surrounding  Tainter  gates  5-9 
and  gate  10  will  be  dredged  to  a  depth  of  17.5'  below  MLW  (-22'  NGVD). 

Some  of  this  material  excavated  may  be  used  to  backfill  near  the 
structures  constructed  in  phases  1A  &  IB  (to  be  determined  in  PE&D) . 

During  construction  it  is  proposed  to  establish  a  temporary  channel 
bypassing  the  cofferdam  encircling  the  navigation  gates.  During  that 
phase  of  construction,  the  cross-sectional  area  of  the  river's  mouth  will 
be  significantly  reduced  due  to  the  cofferdams.  This  reduced  area  will 
increase  flows  in  the  temporary  channel  during  certain  tide  conditions  and 
will  be  reviewed  for  any  hazards  to  navigation.  Again,  use  of  the  two 
previously  stated  models  (Navigation  &  Hydraulic)  would  help  determine  the 
effects  of  the  cofferdams  and  whether  dredging  will  be  required  to 
increase  the  cross-sectional  area  of  the  river,  thereby  reducing  the 
currents  in  the  temporary  channel.  This  concern  is  reflected  in  the  high 
contingency  associated  with  dredging  quantities  in  the  cost  estimate. 
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SAUGUS  Rim  AND  TRIBUTARIES 
FLOOD  DAMAGE  REDUCTION  STUDY 

FOUL  AREA  DISPOSAL  SITE 
Location  Map 

FIGURE  5 


r 


FOUL  AREA  DISPOSAL  SITE 


Description:  This  site  is  a  circular  area  with  a  diameter  ef  2  nautical  miles  end  center  at  42*-25.7'M. 
7Q*-34.0'W.  From  tho  center,  the  Marblehead  Tower  beers  true  282*  at  24.300  yards  end  Baker  Island 
Horn  beers  true  300*  at  24.300  yards.  The  authorised  disposal  point  (within  the  overall  disposal  area) 
is  specified  for  each  dredging  project  in  other  project  documents.  Depth  Range:  159  to  304  feet  MLW 

NOTE:  The  map  depicts  the  disposal  site's  location  in  relation  to  landmarks.  It  is  not  intended  for  usa 
ia  navigation. 


SAUGUS  RIVER  AND  TRIBUTARIES 
FLOOD  DAMAGE  REDUCTION  STUDY 

FOUL  AREA  DISPOSAL  SITE 

FIGURE  6 
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APPENDIX  D 


ENGINEERING  AND 
DESIGN  COSTS 


ENGINEERING  AND  DESIGN  (E  6  D) 
Regional  Saugus  River  Floodgate  Plan 


The  regional  floodgate  plan,  which  is  the  selected  plan, 
consists  of  a  complex  system  of  tide  gates  in  combination 
with  a  series  of  dikes,  walls,  stone  revetment,  beaches,  sand 
dunes  and  associated  mitigation  features.  The  central  focus 
of  the  plan  are  the  tidal  floodgates  at  the  mouth  of  the 
Saugus  River  which  would  prevent  tidal  surges  from  entering 
the  river  and  inundating  interior  areas.  The  associated 
project  features  prevent  local  flooding  and  wave  overtopping 
into  the  estuary. 

During  feasibility  studies,  the  Corps'  New  England 
Division  (NED)  identified  and  gathered  all  existing 
information  and  developed  additional  data  and  analyses  to 
support  the  recommended  plan.  This  information  will  provide 
the  base  from  which  E  &  D  efforts  will  be  initiated.  The 
E  &  D  tasks,  for  administrative  and  funding  purposes,  are 
separated  into  two  timeframes.  The  first.  Preconstruction 
Engineering  and  Design  (PED)  starts  at  the  completion  of  the 
feasibility  studies  and  continues  up  to  a  point  when  plans 
and  specifications  for  the  initial  construction  project  are 
complete.  Subsequent  to  PED,  the  design  effort  is  funded  by 
construction  funds. 

Two  approaches  have  been  considered  to  complete  design 
efforts. 

1.  Evaluate  the  project  as  a  whole  throughout  the 
design  phase  from  initiation  to  construction  assuming  that 
the  project  will  be  accomplished  under  one  construction 
contract. 

2.  Evaluate  all  project  features  concurrently  but  allow 
efforts  to  progress  on  those  features  which  can  be  evaluated 
in  a  shorter  time  frame.  This  would  result  in  a  2-phase 
construction  effort  allowing  work  to  get  started  first  on 
Phase  1,  which  includes  the  Lynn  walls  and  dike,  Pt  of  Pines, 
the  mitigation  site  and  the  features  behind  Revere  Beach. 

The  floodgates  would  be  constructed  in  Phase  2. 

The  primary  reason  for  considering  a  two  phase  approach 
is  to  accelerate  getting  a  portion  of  the  project  into 
construction  and  begin  providing  flood  reduction  benefits  to 
Revere  and  Lynn  as  early  as  possible.  The  schedule  for  the 
flood  gate  portion  of  the  project  is  controlled  partially  by 
a  25-month  modelling  effort  by  the  Corps'  Waterways 
Experiment  Station  (WES) .  A  preliminary  assessment  (without 
a  detailed  CPM  scheduled)  of  E  &  D  costs  and  schedules 
indicated  that  it  would  take  5.5  years  at  a  cost  of  $7.5 
million.  The  initial  review  and  reaction  at  NED  came  back 
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with  a  request  to  look  for  alternatives  to  shorten  the  time 
frame.  Two  avenues  were  explored  to  reduce  the  time  frame. 

1.  Allow  completion  of  the  General  Design  Memorandum 
(GDM)  prior  to  obtaining  final  review  of  the  navigation 
portion  of  the  floodgate  model  study. 

2.  Breakout  the  floodgate  from  the  remaining  project 
features  allowing  the  project  to  proceed  toward  two  separate 
construction  contracts. 

The  results  were  encouraging.  By  accelerating  the 
completion  of  the  GDM  and  separating  the  PED  effort  for  the 
remaining  project  features  out  from  the  floodgates ,  plans  and 
specs  on  this  first  phase  can  be  completed  in  3.75  years. 

The  plans  and  specs  on  the  floodgate  portion  would  be 
complete  in  about  4.75  years.  This  has  two  advantages: 

1.  It  maintains  the  momentum  of  the  project  by  moving  a 
portion  into  construction, 

2.  It  provides  flood  reduction  benefits  sooner  and 
precludes  possible  cost  increases  due  to  inflation. 

The  splitting  of  the  project  into  two  separate  design 
and  construction  phases  also  carries  disadvantages. 

1.  It  will  require  splitting  design  into  two  separate 
efforts.  This  will  probably  result  in  added  design  cost 
although  this  has  not  been  specifically  evaluated. 

Additional  design  effort  and  attention  will  be  required  to 
tie  the  floodgate  phase  to  the  adjacent  wall  and  dikes. 

2.  There  is  risk  involved  that  there  could  be  lost 
design  effort.  The  second  phase  of  the  subsurface 
exploration  is  scheduled  to  start  upon  completion  of  the  GDM 
which  is  prior  to  completion  of  the  floodgate  modelling 
studies.  This  could  have  the  effect  of  putting  the  entire 
project  back  onto  a  schedule  based  on  final  configuration  of 
the  floodgates.  This  risk  was  assessed  to  be  minimal  since, 
at  this  stage,  only  final  review  of  the  final  navigation 
model  would  be  outstanding. 

3.  The  construction  phase  of  the  project  could  be  more 
complicated  if  two  construction  contracts  are  ongoing  at  the 
same  time.  This  is  particularly  critical  since  the 
floodgates  tie  directly  to  adjacent  project  features. 

However,  the  initial  construction  CPM  schedule  indicates  that 
the  first  contract  will  be  essentially  complete  when  the 
second  is  ready  to  begin.  Also,  the  floodgates  are  almost 
totally  independent  of  the  adjacent  features. 

Administratively,  it  appears  advantageous  to  split 
construction  into  two  phases.  Technically,  from  a  design 
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point  of  view,  there  may  be  advantages  to  keep  the  project 
intact  throughout  design  and  construction. 


Summary  of  E  &  D  Schedule  and  Costs 

The  schedule  reflects  the  decision  to  prepare  designs 
through  plans  and  specifications  based  on  the  assumption  that 
construction  will  occur  under  two  separate  contracts. 

Phase  1.  Lynn  wall  and  dike.  Revere  Beach  features,  Pt. 
of  Pines,  and  the  clam  flat  mitigation. 

Phase  2.  Floodgates  and  Lynn  PZ27  sheet  pile  wall  near 
the  EDIC  pier. 

The  following  table  summarizes  the  schedule  and  funding 
requirements  for  completing  Engineering  and  Design  (E  &  D) 
efforts. 

Schedule 

TASK 

Completion  of  GDM 
Complete  Plans  and 
Complete  Plans  and 

Funding  Requirements 

Total  E  &  D  Costs  $7,228  million 

Total  PED  /costs  $6,514  million 

1  st  year  funding  requirement  $2,826  million 

The  schedule  is  based  on  the  assumption  that  funding  will  not 
be  a  constraint.  This  represents  a  potential  obstacle  since 
the  schedule  is  dependent  on  getting  a  significant  amount  of 
work  started  in  the  first  year,  including: 

1.  WES  modelling  efforts  for  floodgate  evaluation  (See 
Hydrology  and  Hydraulics  Appendix  for  scope) ,  wave  data  and 
beach  erosion  (See  Design  Appendix  -  Coastal) . 

2.  Surveys  (hydrographic,  photogrammetric,  and  cross- 
section)  . 

3.  Subsurface  Explorations,  and 

4.  In-house  design  and  coordination  activities. 

The  draft  GDM  is  scheduled  to  be  complete  in  1.5  years, 
which,  as  mentioned  above,  is  prior  to  final  completion  of 
the  models.  However,  it  would  reflect  all  preliminary  model 
results,  surveys  and  investigations  which  should  give  a 
reliable  update  and  justification  of  the  recommended  project. 


FROM  START  OF  DESIGN 
1.5  years 

Specs  -  Phase  1  3.75  years 

Specs  -  Phase  2  4.75  years 
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Effects  of  Budgetary  Constraints 

Realistically,  the  E  &  D  effort  must  be  performed  within 
available  funding,  which  is  $1  million  for  PY  90,  the  year 
design  is  scheduled  to  start.  Obviously,  this  will  not  fund 
all  the  tasks  which  have  been  scheduled  for  the  first  year 
which,  as  stated  above,  are  estimated  to  cost  about  $2,826 
million.  This  funding  requirement  reflects  a  late  start 
scenario  and  other  assumptions  to  defer  as  much  of  the  work 
effort  as  possible  without  affecting  project  completion.  In 
comparison,  an  early  start  scenario  would  require  in  excess 
of  $4  million  in  the  first  year.  Options  to  deal  with  this 
shortfall  include  obtaining  additional  funds  or  rescheduling 
anticipated  first  year  tasks  into  a  subsequent  year.  The 
expected  impact  of  this  would  be  an  extension  of  the 
completion  schedule  by  a  year  and  an  increase  in  project 
management  and  coordination  costs. 

Attachments 


Details  of  the  E  &  D  schedule  and  funding  requirements 
are  shown  in  the  following  attachments. 

1.  Scope  of  Wori: .  Presents  a  description  and  cost  of 
the  tasks  by  organization.  These  were  prepared  by  individual 
offices  and  are  the  basis  for  all  schedules  and  funding 
requirements.  In  most  cases,  these  were  prepared  based  on 
the  assumption  that  the  project  would  proceed  in  its  entirety 
toward  one  construction  contract.  Subsequently,  the  total 
costs  were  split  into  two  separate  efforts  and  may  not 
accurately  reflect  initial  programming. 

2.  Schedule  Chart.  Represents  the  CPM  for  the  project 
schedule.  See  Figures  4 A  and  4B. 

3.  Project  Table.  A  comprehensive  table  showing 
scheduling  and  cost  information  for  all  project  tasks  which 
are  shown  in  the  schedule  chart.  There  are  minor 
discrepancies  between  funding  requirements  shown  in  this 
table  and  the  Scope  of  Work  since  last-minute  changes  were 
not  reflected  in  the  Scope. 

4.  Cash  Flow  Table.  Indicates  the  cash  flow 
requirements  by  calendar  period.  It  is  used  to  determine 
total  funding  requirements  as  well  as  first  year  and  PED 
requirements. 
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ORGANIZATION 

Water  Control 
H  &  WQ 


I 


E  6  D  ESTIMATE 

SAUGUS  RIVER  FLOOD  DAMAGE  REDUCTION 


COST 

TASK  $1,000 


Br.  Hydraulic  and  Navigation  Models  (3)  1,176 

Saugus  R.  Floodgate  by  WES. 

Duration:  25  months. 

Model  Study  Contract  Mgmt.,  review,  142 

coordination,  meetings,  travel,  etc. 

Duration:  25  months. 

Hydrology  Feature  Design  Memo.  Tidal  38 

Hydrology  and  Wave  Overtopping  (Use  new 
waves  from  CERC  Wave  Model  from  beach 
studies) . 

Technical  coordination  on  Beach  Erosion  10 

Model . 

Hydraulics  Feature  Design  Memo  -  Floodgate  60 

Structure.  Duration:  12  months  following 
model  completion.  Define  hydraulic  and 
navigation  design  of  floodgate. 

Maintain  USGS  tide  gages  for  design  period.  40 

Cost  per  year:  $8,000  _ 

SUBTOTALS:  WES  Model  1,176 

In-house  290 
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ORGANIZATION 

Water  Control 
Hydrology 


TASK 


Br. 

1.  Perform  a  rainfall/runoff  analysis 
of  the  Saugus  R.  watershed.  Include: 

Unit  hydrograph  determination 
Historic  Flood  determination 
Synthetic  Flood  Development 
Project  Design  Flood 

2.  Interior  Drainage  Investigation 
Lynn  -  investigate  existing  drain. 

East  Saugus  -  Investigate  requirements 

of  increased  tide  range. 
Revere  -  Investigate  low  flapgated 
areas . 

Ponding  Area  -  Reinvestigate 

3.  Stage  Frequency  Refinement 

4.  Preparation  of  Appendix  for  GDM. 

The  above  analyses  will  occur  concurrently 
with  preparation  of  the  GDM.  Duration 
is  2  years. 

HES  coordination  and  consult. 


COST 

$1000 


100 

30 


SUBTOTAL: 


Design  Branch 
Civil  Engr.  Sect. 


1.  Floodgate  Structure 
Investigate  under-river  utilities, 
Develop  layouts,  sections,  and 
quantities.  Drafting:  20  drwg. 

2 .  Lynn  Dike 

Investigate  interior  drainage  fac. 
Develop  layouts,  sections,  and 
quantities.  Drafting:  30  drwg. 

3.  Point  of  Pines 

Develop  layouts,  sections,  and 
quantities.  Drafting:  25  drwg. 

4.  Revere  Beach  Park  Dike 

Investigate  interior  drainage  fac. 
Develop  layouts,  sections,  and 
quantities.  Drafting:  12  drwg. 

5.  Coordination  and  reports 


SUBTOTAL 


116 

4 


Design  Branch 
Gen.  Engr.  Sect. 


1.  Input  to  GDM 

Design  Fee 
Drafting 

2.  Prepare  Concrete  and  Materials 
Design  Memo. 

Design  Fee 
Drafting 

Outside  Testing  Laboratory 

3.  Prepare  Design  Memo.  -  Navigation 
Gates,  Flushing  Gates  and  Appurt.. 

Design  Fee 
Drafting 

4.  Prepare  Design  Memo.  -  Walls  and 
Miscellaneous  Structures 

Design  Fee 
Drafting 

5.  Prepare  Design  Memo.  -  Cathodic 
Protection 

Design  Fee 
Drafting 

6.  Preparation  of  Plans  and  Specs 

Design  Fee 
Drafting 


66 

4 

50 


267 

20 


107 

8 


6 

1 


236 

48 


SUBTOTALS:  Design  T98- 

Drafting  85 

Other  50 


1 


Design  Branch 
CE  &  SS 


1.  Plot  surveys  (1  condition,  1  spec,  and 
2  predredge)  in  the  area  east  of  Gen. 

Edwards  bridge.  Plot  x-sect  at 

Point  of  Pines  12 

2.  Revise  and  update  layouts,  quantities, 
costs  and  drawing  for  GDM.  Prepare 

model  description.  18 

3.  Develop  nearshore  wave  data  base. 

Wave  model  by  WES.  55 

4.  Numerical  modeling  of  shoreline 
change  and  sediment  budget  analysis 

by  WES.  (GENESIS)  90 

5.  Numerical  modeling  of  Storm-induced 

beach  erosion  by  WES.  (SBEACH)  75 

6.  NED  model  coordination  for  wave, 
beach  erosion,  and  shoreline  change 

models.  15 

7.  Model  Coordination  on  navigation 

model  15 

8.  Prepare  final  dredging  design  and 
quantities  and  cost  estimate  for 

plans  and  specs.  18 


SUBTOTALS:  WES  models  220 

In-house  78 


E  &  D  -  9 


Cost  Engr.  8r 


1.  Summarize  current  cost  estimate 
and  separate  main  and  subfeatures. 

Setup  code  of  accounts.  5 

2.  Develop  detail  IAW  EM  1110-2-1301 

for  GDM.  10 

3.  Prepare  report  and  arrange  cost 

growth  categories.  10 

4.  Breakdown  cost  estimate  for  each 
feature  and  subfeature  and  for 

federal  and  nonfederal  costs  10 

5.  Breakdown  for  OM&R  cost.  5 

6.  Prepare  cost  for  all  design  mods 

through  GDM  approval.  11 

7.  Prepare  cost  estimate  through 

issue  for  bid.  11 

8.  Prepare  final  government  estimate.  11 

SUBTOTAL:  Cost  Est.  73 

Design  Branch 

Specifications  1.  Prepare  Concept  Specs  (35%)  7 

2.  Mark  up  Guide  Specs  (65%)  28 

3.  Prepare  final  specs  (95%).  29 

4.  Prepare  final  specs  and  issue  20 

5.  Prepare  any  amendments  prior 

to  bid  opening  17 

SUBTOTAL:  Specs  To! 


E  &  D  -  10 


Design  Branch 
Surveys 


1.  Hydrographic  Surveys 

Lynn  Harbor  -  100  feet  out  from  shore 

at  50  -  foot  spacing  (9000  LF)  35 

Major  Ditches  and  Waterways  -  x  sect 

at  500  foot  spacing  39 

Saugus  River  at  General  Edwards  Bridge 
Soundings  at  50  foot  spacing  plus  all 
structures.  (3500  LF)  19 

Point  of  Pines  Beach  -  x  sect  at  50 

foot  spacing  from  seawall  500  feet  out 

into  ocean.  13 

Miscellaneous  structures  9 

SUBTOTAL  DT 


2.  Land  Surveys  based  on  land  and 
photogrammetric  surveys. 

Lynn  Harbor:  9000  LP,  70  ac 
Pt  of  Pines:  4000  LF,  35  ac 
Revere  Beach:  5000  LF,  45  ac 
Ponding  Area:  20  ac 

Develop  surveys  at  1"  ■  40'with  2-foot 
contour  interval  and  spot  elevations. 

Identify  utilities,  catch  basins, 
manholes  and  drain  inverts. 

(12  Stereo  models,  16  drawings) 

Prepare  profile  along  the  existing 

Revere  Beach  and  Seawalls.  102 

3.  Saugus  and  Pines  River  Estuary 

Perform  x-sect  surveys  across  marsh 
at  500-foot  spacing.  210 

Photogrammetric  Survey  -  Develop  aerial 
photo  coverage  of  marsh  with  contour 
mapping  along  all  perimeter  areas. 

Show  1  -  foot  contour  interval  between 
Elevations  5  to  8  feet  over  a  200  -  foot 
wide  band.  430 


TOTAL  SURVEYS  857 


E  &  D  -  11 


Impact  Anal.  Br. 

Environmental  1.  Develop  mitigation  specifics 

during  GDM.  30 

2.  Coordination  30 

3.  Obtain  CZM  consistency  and  Water 
Quality  Certification.  Assist  project 
sponsors  to  obtain  State  and  local 

permits.  30 

4.  Continue  environmental  design  specifics 
for  project  development.  Review  of 

design  documents.  35 

TOTAL  ENVIRONMENTAL  125 

Economics  1.  Update  damage  survey  to  reflect  current 

conditions  in  all  zones.  14 

2.  Recalculate  all  flood  control  benefits.  14 

3.  Update  transportation  benefits.  4 

4.  Prepare  report  for  GDM.  7 

5.  Continue  coordination.  4 

6.  Update  recreation  benefits.  7 

7.  Review  institutional  and  infrastructure 

factors  for  socio-economic  impacts.  4 

TOTAL  ECONOMICS  54" 

Cultural  1.  Review  project  areas  for  potential 

impacts  to  historic  resources  (GDM)  10 

2.  Coordinate  with  SHPO  and  ACHP.  5 

3.  Coordination  and  Review.  8 

TOTAL  CULTURAL  23 


Task  1  assumes  no  survey  or  mitigation  needed. 
If  required,  costs  could  range  from  $15,000  to 
$100,000. 


E  &  D  -  12 


Geotech  Engr. 


Construction 


Real  Estate 


1.  Subsurface  exploration  (GDM) 

Contract  450 

Contract  Management  30 

2.  Subsurface  Exploration 

Contract  400 

Contract  Management  30 

3.  Prepare  geotech,  designs  and  reports 

for  GDM.  220 

4.  Prepare  Design  Memo  -  Foundations  and 

Embankments  320 

5.  Prepare  input  to  plans  and  specs.  85 

SUBTOTALS:  Explorations  850 

In-house  685 

1.  Develop  Construction  CPM  for 

Phase  1  construction.  20 

2.  Develop  construction  CPM  for 

Phase  2  construction.  20 

3.  Coordination.  Included  in 
General  Coordination. 

SUBTOTAL  40 

1.  Input  to  GDM.  10 

2.  Revise  and  negotiate  an  LCA  with 

the  sponsor.  Update  appraisals  .  10 

SUBTOTAL  20 


If  land  rights  are  required  within  the 
estuary,  a  detailed  study  would  be  required 
at  a  cost  of  $60,000. 


Pro j .  Ops.  Br. 


Pro j .  Mgmt 


Contracting 


Repro 


Coordination, 

General 


1.  Review  all  major  project  components 
to  assure  design  facilitates 
maintenance  at  a  reasonable  cost. 

2.  Review  all  easements  and  takings  to 
to  assure  adequate  access  to  all 
portions  of  the  project.  Review  all 
agreements  with  the  sponsor  for 
financial  responsibilities  for 
maintenance.  Review  operational 
strategies  for  maintaining  the  flood 
storage  area. 

Note:  Above  costs  included  in  General 
Coordination. 


Provide  project  management  throughout 
the  period  of  design.  (Approx.  5  yrs.) 

Functional  -  1  1/4  persons 

$100,000  per  year  500 

Life  Cycle  -  1/2  person 

$50,000  per  year  250 


SUBTOTAL  750 


Provide  support  for  all  professional 

services  and  construction  contracts.  10 


Reproduce  all  documents  associated 
with  project. 


GDM  10 
FDM's  20 
Plans  and  Specs  30 


SUBTOTAL  60 

General  coordination  by  offices  not 
actively  working  on  a  task. 

25k/year  x  5  years  125 

Review  and  prepare  final  documents  60 
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TOTAL  ENGINEERING  AND  DESIGN  PROJECT  COSTS  TABLE 


Nam* 


FY  90  PM 
FY  90  COOR 

CULTURAL  RESOURCE  COOR 
UP  OATE  DAMAGE  SURVEY 
WAVE  DATA  MOOEL 
SHORELINE  CHANGE  MOOEL 
BEACH  EROSION  MOOEL 
MOOEL  COORDINATION  CE  &  SS 
TIDAL  HYDROLOGY  (WC8) 

COASTAL  ANALYSIS  CE  4  SS 
GEOTECH  CM 

COST  ESTIMATE  COOE  OF  ACCOUNT 
MITIGATION  ANALYSIS 
HYDROGRAHIC  AND  X-SECT  SURVEY 
OATA  COLLECTION  WES  MOOEL 
NUMERICAL  MOOS.  PHASE  1 
TOPOGRAPHIC  SURVEY 
SUBSURFACE  EXPLORATIONS 
MOOEL  COORDINATION  (WC8) 
NAVIGATIONAL  MOOEL 
PHYSICAL  MOOEL  PHASE  1 
PHOTO-  GRAMMETRIC  SURVEY 
FY  91  COOR 
FY  91  PM 

UP  OATE  BENEFITS 
COST  ESTIMATE  BREAKDOWN 
GEOTECH  DESIGN 
PLOT  SURVEY 
HYDROLOGY  APPENDIX 
NAVIGATION  MOOEL  OATA 
NUMERICAL  MOOEL  PHASE  2 
PHYSICAL  MOOEL  PHASE  2 
FY  92  COOR 
FY  92  PM 

SOCIAL  ECONOMIC 
GOM  COST  ESTIMATE 
MITIGATION  PLAN 
HYDROGRAPHIC  SURVEY 
GENERAL  ENGINEERING 
BEACH  MOOEL  COMPLETION 
CULTURAL  APPENOIX 
LAYOUT  4  QUANTITIES  CES 
FY  93  COOR 
FY  93  PM 

NAVIGATIONAL  MOOEL  REPORT 
ECONOMIC  APPENOIX 
'  EAL  ESTATE  APPENDIX 
u  IDGING  REOUflEMENTS 
HYOROLOGIC  ANALYSIS 
MOOEL  REPORT  REVIEW 
MOOEL  PRELIMINARY  RESULTS 
TIDAL  HYDROLOGY  APPENOIX 
FY  94  COOR 
FY94PM 

MOOEL  COMPLETION 
DRAFT  GOM 

TECHNICAL  EVALUATION 
REPRO  4  W  P  C 


( Continued ) 


1 


Earliest 

Start 

Eartlsat 

Finish 

Latest 

Start 

Latest 

Finish 

Rssoures 

Cast 

Working  Rssoures 
Days  Ident. 

10/2/89 

9/28/90 

10/2/89 

9/28/90 

150020 

260 

PM-90 

10/2/89 

9/28/90 

10/2/89 

9/28/90 

24960 

260 

ALL-90 

A/2/90 

3/1/91 

4/2/90 

3/1/91 

12960 

240 

CUL-1 

4/2/90 

5/25/90 

9/1 7/90 

11/9/90 

14000 

40 

ECON-1 

6/25/90 

3/1/91 

6/25/90 

3/1/91 

55080 

180 

WES-1 

6/25/90 

3/1/91 

6/25/90 

3/1/91 

0 

180 

WES-2 

6/25/90 

3/1/91 

6/25/90 

3/1/91 

75060 

180 

WES-3 

4/2/90 

3/1/91 

4/2/90 

3/1/91 

19920 

240 

CE  &  3S-1 

4/2/90 

3/1/91 

4/2/90 

3/1/91 

10080 

240 

WC8-1 

10/29/90 

4/12/91 

10/29/90 

4/12/91 

18000 

120 

CE  &  SS-2 

11/27/89 

5/11/90 

11/27/89 

5/11/90 

30000 

120 

GEB-2 

5/14/90 

8/3/90 

5/14/90 

8/3/90 

25020 

60 

EST-1 

11/27/89 

10/26/90 

11/27/89 

10/26/90 

15120 

240 

IAB-1 

10/2/89 

3/2/90 

10/3/89 

3/6/90 

325050 

110 

CE  &  SS-3 

10/2/89 

3/2/90 

10/3/89 

3/6/90 

199980 

110 

WES-4 

1/3/90 

3/27/90 

6/1 2/90 

9/3/90 

49980 

60 

WES-5 

10/2/89 

12/22/89 

10/2/89 

12/22/89 

102000 

60 

CE  &  SS-4 

11/27/89 

5/11/90 

1 1/27/89 

5/11/90 

450000 

120 

GEB-1 

10/2/89 

4/12/91 

3/1 9/90 

9/27/91 

92000 

400 

WC8-2 

10/2/89 

8/31/90 

10/2/89 

8/31/90 

1 00080 

240 

WES-6 

10/2/89 

12/22/89 

12/12/89 

3/6/90 

49980 

60 

WF.S-7 

10/2/89 

12/22/89 

12/12/89 

3/6/90 

430020 

60 

CE  &  SS-S 

10/1/90 

9/27/91 

10/1/90 

9/27/91 

24960 

260 

ALL-91 

10/1/90 

9/27/91 

10/1/90 

9/27/91 

150020 

260 

PM-91 

5/28/90 

8/17/90 

11/12/90 

2/1/91 

25020 

60 

ECCN-2 

8/6/90 

1/18/91 

8/6/90 

1/18/91 

15000 

120 

EST-2 

5/14/90 

4/12/91 

5/14/90 

4/12/91 

280080 

240 

GEB-2 

12/25/89 

3/16/90 

1 2/25/89 

3/16/90 

12000 

60 

CE  &  SS-7 

5/14/90 

8/3/90 

5/14/90 

8/3/90 

19980 

60 

HYD-1 

9/3/90 

1/18/91 

9/3/90 

1/18/91 

200000 

100 

WEE-13 

3/28/90 

8/14/90 

9/4/90 

1/21/91 

150000 

100 

WES-10 

3/5/90 

7/20/90 

9/4/90 

1/21/91 

200000 

100 

WES-11 

9/30/91 

9/25/92 

9/30/91 

9/25/92 

24960 

260 

ALL-92 

9/30/91 

9/25/92 

9/30/91 

9/25/92 

1 50020 

260 

PM-92 

8/20/90 

9/14/90 

2/4/91 

3/1/91 

4000 

20 

ECON-3 

1/21/91 

4/12/91 

1/21/91 

4/12/91 

10020 

60 

EST-3 

10/29/90 

4/12/91 

10/29/90 

4/12/91 

15000 

120 

IAB-2 

5/14/90 

8/3/90 

5/1 4/90 

8/3/90 

0 

60 

CE  &  SS-6 

5/14/90 

4/12/91 

5/14/90 

4/12/91 

120000 

240 

GES-1 

3/1/91 

3/1/91 

3/4/91 

3/4/91 

0 

0 

WES-8 

3/4/91 

4/12/91 

3/4/91 

4/12/91 

9990 

30 

CUL-2 

3/19/90 

4/12/91 

3/1 9/90 

4/12/91 

150080 

280 

CE3-1 

9/28/92 

9/24/93 

9/28/92 

9/24/93 

24960 

260 

ALL-93 

9/28/92 

9/24/93 

9/28/92 

9/24/93 

150020 

260 

PM-93 

1/21/91 

11/22/91 

1/21/91 

11/22/91 

157080 

220 

WE3-9 

9/17/90 

10/26/90 

3/4/91 

4/12/91 

6990 

30 

ECON-4 

1 0/2/89 

12/22/89 

1/21/91 

4/12/91 

10020 

60 

RE-1 

1/21/91 

4/12/91 

1/21/91 

4/12/91 

18000 

60 

CE  4  So-8 

8/6/90 

4/12/91 

8/6/90 

4/12/91 

79920 

180 

HYD-2 

4/15/91 

6/7/91 

9/30/91 

11/22/91 

50000 

40 

WCI3-3 

1/21/91 

5/10/91 

1/22/91 

5/13/91 

126000 

30 

WES-12 

3/4/91 

4/12/91 

3/4/91 

4/12/91 

0 

30 

WC13-4 

9/27/93 

9/23/94 

9/27/93 

9/23/94 

24960 

260 

ALL- 94 

9/27-7 

9/23/94 

9/27/93 

9/23/94 

150020 

260 

PM  94 

11/22/9. 

11/22/91 

1 1/25/91 

11/25/91 

0 

0 

WES- 14 

4/12/91 

4/12/91 

4/15/91 

4/15/91 

0 

0 

ALL-1 

11/22/91 

11/22/91 

11/25/91 

11/2F'91 

0 

0 

ALL-2 

4/15/91 

4/15/91 

4/15/91 

4/16/91 

10000 

1 

REPRO- 1 
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TOTAL  ENGINEERING  AND  DESIGN  PROJECT  COSTS  TABLE  ( Continue  d ) 


Nam* 

Earliaat 

Earliaat 

Latast 

Lataat  Rasourca 

Working 

30  DAYS  OCE  REVIEW 

Start 

Finish 

Start 

Finish 

Cost 

Days 

4/16/91 

5/13/91 

4/16/91 

5/13/91 

0 

20 

ANALYSIS  OF  GATES 

11/25/91 

5/8/92 

11/25/91 

5/8/92 

24960 

120 

HYDRAULIC  ANALYSIS 

1 1  /25/91 

5/8/92 

1 1/25/91 

5/8/92 

50040 

120 

GEOTECH  CONTRACT  MANAGEMENT 

4/15/91 

7/5/91 

4/17/91 

7/9/91 

30000 

60 

SUBSURFACE  EXPLORATIONS 

4/15/91 

7/5/91 

4/1 7/91 

7/9/91 

400020 

60 

PREP  FINAL  GDM 

5/14/91 

5/14/91 

5/14/91 

5/14/91 

10000 

1 

CATHODIC  PROTECTION  DM 

5/11/92 

7/3/92 

2/1 5/93 

4/9/93 

8000 

40 

FLOODGATE  STRUCTURE  DM 

5/1 1  /92 

1 0/23/92 

10/26/92 

4/9/93 

50040 

120 

FLOODGATE  FOUNDATION  DM 

5/11/92 

4/9/93 

5/11/92 

4/9/93 

158920 

240 

FLOODGATE  DM 

5/11/92 

4/9/93 

5/11/92 

4/9/93 

287040 

240 

CIVIL  ENGINEERING  ANALYSIS 

5/11/92 

4/9/93 

5/11/92 

4/9/93 

75120 

240 

FLOODGATE  HYDRAULIC  DESIGN  DM 

5/11/92 

10/23/32 

10/26/92 

4/9/93 

30000 

120 

CONSTRUCTION  MATERIALS  DM 

5/15/91 

4/14/92 

5/15/91 

4/14/92 

120000 

240 

WALLS  &  STRUCTURES  DM 

5/15/91 

4/14/92 

5/15/91 

4/14/92 

65040 

240 

TIDAL  HYDROLOGY  DM 

5/15/91 

4/14/92 

5/15/91 

4/14/92 

48000 

240 

EMBANKMENT  &  FOUNDATION  DM 

7/8/91 

4/10/92 

7/10/91 

4/14/92 

200000 

200 

DESIGN  ANALYSIS  CES 

5/15/91 

4/14/92 

5/15/91 

4/14/92 

75120 

240 

COMPLETE  &  REPRODUCE  FDM-S 

4/15/92 

4/15/92 

4/15/92 

4/15/92 

10000 

1 

COMPLETE  &  REPRODUCE  FDM'S 

4/1 2/93 

4/12/93 

4/1 2/93 

4/12/93 

10000 

1 

OCE  REVIEW 

4/16/92 

5/13/92 

4/16/92 

5/13/92 

0 

20 

OCE  REVIEW 

4/13/03 

5/10/93 

4/13/93 

5/1 0/93 

0 

20 

GEOTECH  DESIGN 

5/14/92 

10/28/92 

10/29/92 

4/14/93 

45000 

120 

GENERAL  ENGINEERING 

5/14/92 

1/20/93 

8/6/92 

4/14/93 

84960 

180 

COST  ESTIMATES 

5/14/92 

1/20/93 

8/6/92 

4/14/93 

10980 

180 

LAYOUT  &  QUANTITIES  (DIKE) 

5/14/92 

10/28/92 

10/29/92 

4/14/93 

150000 

120 

CZM  4  WQ CERTIFICATION 

5/14/92 

4/14/93 

5/14/92 

4/14/93 

60000 

240 

CULTURAL  MITIGATION 

5/14/92 

10/28/92 

10/29/92 

4/1 4/93 

9960 

120 

SPEC 

5/14/92 

1/20/93 

8/6/92 

4/14/93 

50040 

180 

CONSTRUCTION  CPM 

5/14/92 

10/28/92 

10/29/92 

4/14/93 

20040 

120 

LCA  4  REAL  ESTATE 

5/14/92 

10/28/92 

10/29/92 

4/1 4/93 

9960 

120 

GEOTECH 

5/11/93 

10/25/93 

1 1  /9/93 

4/25/94 

39960 

120 

GENERAL  ENGINEERING 

5/11/93 

4/25/94 

5/11/93 

4/25/94 

200000 

250 

SPECS 

5/11/93 

1/17/94 

8/1 7/93 

4/25/94 

50040 

180 

LAYOUT  4 QUANTITIES  (GATE) 

5/11/93 

4/1 1  /94 

5/25/93 

4/25/94 

90000 

240 

DREDGING  PLAN 

5/1 1  /93 

8/2/93 

2/1/94 

4/25/94 

15000 

60 

CONSTRUCTION  CPM 

5/1 1  /93 

10/25/93 

1 1  /9/93 

4/25/94 

20040 

120 

COST  ESTIMATES 

5/11/93 

10/25/93 

11/9/93 

4/25/94 

11040 

120 

DRAFT  PLANS  4  SPECS 

4/15/93 

5/12/93 

4/15/93 

5/1 2/93 

0 

20 

OCE  REVIEW 

5/13/93 

6/9/93 

5/13/93 

6/9/93 

0 

20 

DRAFT  PLANS  4  SPECS 

4/26/94 

5/23/94 

4/26/94 

5/23/94 

0 

20 

OCE  REVIEW 

5/24/94 

6/20/94 

5/24/94 

6/23/94 

0 

20 

FINAL  PLANS  4  SPEC 

6/10/93 

7/7/93 

6/1 0/93 

7/7/93 

25000 

20 

FINAL  PLANS  4  SPECS 

6/21/94 

7/18/94 

6/21/94 

7/1 8/94 

25000 

20 

ADVANCE  NOTICE 

7/8/93 

8/4/93 

7/8/93 

3/4/93 

T 

20 

REPRO 

7/8/93 

8/4/93 

7/8/93 

8/4/93 

20 

ADVANCE  NOTICE 

7/19/94 

8/15/94 

7/1  9/94 

8/1 5/94 

1000 

20 

REPRO 

7/1 9/94 

8/15/94 

7/1  9/94 

8M5/94 

15000 

20 

ISSUE  PUNS  4  SPEC 

8/5/93 

9/1  /93 

8/5/93 

9/1/93 

2000 

20 

ISSUE  PUNS  4  SPECS 

8/16/94 

9/12/94 

8/1 6/94 

9/1 2/94 

2000 

20 

OPEN  BIDS 

9/2/93 

9/29/93 

9/2/93 

9/29/93 

1000 

20 

OPEN  BIDS 

9/13/94 

10/10/94 

9/13/94 

1 0/1 0/94 

1000 

20 

CONSTRUCTION  AWARD  PHASE  1 

9/30/93 

9/30/93 

9/30/93 

9/30/93 

1000 

1 

CONSTRUCTION  AWARD  PHASE  2 

10/1V94 

10/11/94 

10/1 1/94 

10/11/94 

1000 

_ A 

1 

TOTAL  PROJECT  COSTS  =  I 

$7,227,730 1 

-  i ; 


Rasourca 
Idant. 
OCE-1 
GES-2 
WCB-S 
GEB-5 
GEB-4 
ALL-3 
GES-S 
GES-6 
GEB-7 
GES-7 
CES-3 
WCB-7 
GES-3 
GES-4 
WCB-6 
GEB-6 
CES-2 
REPRO-2 
REPRO-3 
OCE-2 
OCE-3 
GEB-6 
GES-fl 
EST-4 
CES-4 
IAB-3 
CUL-3 
SPEC-1 
CONS-1 
RE-2 
GEB-9 
GES-9 
SPEC-2 
CES-5 
CE  &  SS-9 
CONS-2 
EST-5 
ALL-4 
OCE-4 
ALL-5 
OCE-5 
ALL-6 
ALL-7 
CONTR-1 
REPRO-4 
CONTR-2 
REPRO-5 
CONTR-3 
CONTR-4 
CONTR-5 
CONTR-6 
CONTR-7 
CONTR-8 
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Operations  and  Maintenance  Costs 

Estimated  operations  and  maintenance  (O&M)  costs  for  both  the  SENE  Regional  Plan 
and  Local  Protection  Plan  are  listed  on  the  following  pages.  Separate  cost 
estimates  are  included  for  the  project  features  (e.g.  Revere,  Point  of  Pines,  Lynn 
Harbor,  Floodgate  and  Mitigation  Site)  and  itemized  by  their  individual  elements 
(e.g.  revetment,  dune  replacement,  walls,  etc.).  Further,  the  appendix  includes  the 
O&M  worksheet  for  the  Regional  Plan.  The  worksheet  identifies  the  traintenance  tasks 
associated  with  each  project  element,  the  tasks'  annual  frequency  requirement,  and 
its  cost. 

The  naintenance  tasks  and  their  frequency  reflect  the  intensity  level  needed  to 
maintain  the  project  in  optimum  condition,  both  in  function  and  appearance.  O&M 
costs  are  assigned  for  surveillance  and  enforcement  of  the  estuary  by  project 
personnel.  No  additional  staffing  of  the  pertinent  regulatory  agencies  is 
anticipated.  Basin  regulatory  strategies  are  discussed  elsewhere  in  the  report. 

Cost  estimates  are  derived  from  the  1988  edition  of  the  Means  Catalogue  or  upon 
recent  Corps  experience  or  contracts  cited  in  this  report  for  similar  work. 
Deterioration  rates,  such  as  the  percentage  of  a  wall  expected  to  spall  annually, 
are  estimates  based  on  NED's  extensive  experience  with  similar  structures.  A  30% 
overhead  change  and  20%  contingency  are  added  to  the  base  costs.  These  estimated 
markups  for  overhead  and  contingencies  are  believed  to  be  reasonable  estimates  for 
this  type  of  work  and  initial  investigation. 

As  noted  on  the  worksheet,  two  operators  would  be  required  for  the  floodgates. 
Non-federal  interests  will  assume  all  project  operation,  maintenance  and  replacement 
costs,  including  those  associated  with  the  operating  personnel. 


Estimated  Annual  Maintenance  Costs  for 
Saugus  River  Flood  Protection  Project 
—  Regional  Plan  — 


Base 

I  Feature  |  Element  |  Cost/Yrj  Cost  W/OH|  20%  Cent  |  Totall 


Revere 

Park  Dike 

7992 

10390 

12468 

Gra.  Wall 

419 

545 

654 

Pond.  Area 

480 

624 

749 

Tide  Gate 

500 

650 

780 

(Sales  Cr. ) 

14700 

Point  of 

Revetment 

275 

358 

430 

Pines 

Sand  Dunes 
w/Fencing 

4324 

5621 

6745 

&  Walkways 

Concrete 

wall 

1485 

1930 

2316 

Landscaping 

1322 

1719 

2062 

11200 

Lynn 

Stone  Dike 

2674 

3476 

4171 

Walls,  Concrete 

922 

1199 

1439 

Walls,  Steel 

4700 

6100 

7332 

12900 

Flood- 

Tain  ter 

48333 

62832 

75399 

gate 

Gates 

Nav.  Gates 

30000 

39000 

46800 

Monitoring 

Equip. 

25000 

32500 

39000 

Parking/ Access 

1760 

2288 

2745 

Dike  with 

930 

1209 

1451 

Plantings 

Operators 

50000 

100000 

120000 

285400 

Mitiga- 

Inspection  & 

1000 

1300 

1560 

1600 

tion 

Maintenance 

PROJECT  TOTAL  -  325800 


SAY  -  325000 
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FEATURE  ELEMENT  MAIN.  REQ'MT  REF.  SIZE  UNITS  COST  COST  JOB  RBQ.  COST/YR 
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Toe  Drain  Insp.  4-Item  C  700  L.F.  X  (6) 

&  Clean  6-1  tern  C  7'  High  700  L.F.  $  .78/L.F.  546 


1.  Means  '88  edition  -  pg.  20.  Based  on  22"  -  30"  power  mower. 

2.  Based  on  recent  Corps  contracts.  Includes  cost  of  sand  along  with  labor  and 
equipment  for  spreading. 

3.  Means  '88  edition  -  pg.  22.  Includes  chipping,  cleaning  and  epoxy  grout. 

Assume  that  1%  of  the  exposed  surface  to  be  repaired  annually. 

4.  Means  '88  edition  -  pg.  22.  Cut  out  old  seal  and  recaulk  with  silicone.  Assume 
that  joints  are  20'  apart  and  replacement  is  needed  every  4th  year. 

5.  Cost  based  on  recent  Corps  contracts.  Assume  that  2%  of  the  exposed  surface  to 
be  treated  annually. 

6.  Based  on  recent  Corps  contracts.  Lands ide  only. 

7.  Based  on  recent  Corps  contracts.  Repeat  treatment  every  third  year. 

8.  Estimate  includes  cleaning  debris  and  silt  in  and  around  the  structure  twice  a 
year  along  with  parts  replacement  and  repairs. 

9.  Based  on  recent  Corps  contracts.  Most  erosion  is  expected  to  occur  during  major 
storms. 

10.  Means  '88  edition  -  pg.  94.  Price  for  4'  high  sncw  fence  with  steel  posts  10' 
o.c.  Assume  that  10%  of  the  fence  will  need  replacement  annually. 

11.  Assume  that  5%  of  the  walk  will  need  repair/ replacement  annually  at  a  cost  of 
S50/L.F.  Most  anticipated  damage  will  consist  of  loose  or  broken  bottom 
slats/handrails. 

12.  Assume  that  10%  of  walk  will  require  repairs  annually  at  a  cost  of  $100/L.F. 

13.  Based  on  painting  cost  of  S.50/S.F.  with  painting  required  every  fifth  year. 
Assume  walkway  width  of  6 ' . 

14.  Means  '88  edition  -  pg.  21.  Prune  shrub  bed.  Assume  bed  size  of  x00  S.F.  with 
one  bed  per  1500  S.F. 

15.  Means  '88  edition  -  pg.  21.  Weed  by  handhoe  once  a  year. 

16.  Means  '88  edition  -  pg.  21.  Fertilize  shrub  bed  with  nitrogen,  potash, 
phosp./C.S.F. ,  once  a  year. 

17.  Means  '88  edition  -  pg.  21.  Prune  from  ground.  Assume  one  tree/ 3000  S.F. 

Prune  once  a  year. 

18.  Means  '88  edition  -  pg.  21.  Fertilize  trees  with  mix  of  nitrogen,  potash, 
phosp./C.S.F.  once  a  year. 

19.  Means  '88  edition  -  pg.  58.  18"  min.  stone  size  machine  placed.  Assume  that 

0.2%  of  the  surface  will  require  resetting  annually. 
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20.  It  is  assumed  that  the  steel  sheet  pile  wall  will  enploy  a  sacrificial  anode 
system.  According  to  a  local  contractor  specializing  in  these  systems,  a  $3,000 
engineering  inspection  of  the  system  will  be  required  every  two  years.  In  addition, 
the  system  will  have  to  be  replaced  at  10  year  intervals  at  a  cost  of  $32,000. 

21.  .Tain ter  gates  can  be  properly  maintained  through  a  apprehensive  rehabilitation 
program  undertaken  at  10  to  IS  yr.  intervals.  Work  typically  includes  sandblasting, 
repainting,  repair  of  damaged  parts,  and  replacement  of  other  opponents  suspectable 
to  wear.  Other  Corps  Districts  and  Divisions  report  good  results  from  this 
practice;  only  routine  ine^ensive  maintenance  is  required  between  rehab  work. 

SENE  maintenance  costs  for  miter  and  tain ter  gates  are  based  on  recent  work  done 
in  these  other  Districts  and  Divisions  as  sunmerlzed  below. 


District 

Water  Brv. 

Gate  Type 

Maintenance 

Cost/Gate 

Cement 

Norfolk 

Salt/Fresh 

Miter  Gate 
on  lock 
system  30' 
x  50'  leaf, 
20-25  yrs. 
old. 

Painting  & 
Rehab  every 

10  to  15  yrs 

(gates 

removed) 

$  80,000 
( '88) 

Cost  is  relatively 
lew  considering 
scope  of  work  A  gate 
size.  Gate  size  com¬ 
parable  to  SENE. 

Nashville 

Fresh 

Miter  Gates 
Lock  system 
var.  sizes 

Paint  i  Rehab 
every  15  yrs 

S  40,000 
$120,000 

District  reports  that 
cost  is  highly  vari¬ 
able  and  is  reluctant 
to  quote  an  avg.  fig. 

Vicksburg 

Fresh 

Ta inter  Gates 
for  dams, 

50'  x  35' 

Paint  A  Rehab 
in  '78. 

$  55,000 
C78) 

Gate  cost  @  todays 
prices  would  be 
around  $77,000  (@  4% 
inflation) .  Note 
gate  height  is  35'  vs 
15'  for  SENE. 

Huntington 

Fresh 

Miter  Gates 
for  locks 

65'  x  25' 
leaf 

Sand  blast  a 
paint  in 
place;  also 
minor  rehab 

$295,000 

C87) 

District  notes  that 
contractors  price  was 
high. 

Huntington 

Fresh 

Ta inter  Gates 
for  dams  110* 
x  30'  -  25 
yrs.  old 

Sand  blast  a 
paint  twelve 
gates.  Also 
some  minor 
rehab. 

$  91,700 
C87) 

These  are  much  larger 
gates  than  those 
proposed  for  SENE. 
District  also  re¬ 
ported  that  a  major 
cable  repair  was 
undertaken  in  1978  at 
a  cost  of  $1,000,000 
for  nine  gates. 

0AM  -  11 


Los  Angeles 

Fresh 

Tainter  Gates 

Paint  gates 
at  5  yr, 
intervals 

$  20,000 
('  86) 

Jackson¬ 

ville 

Salt 

Tainter  Gates 

Sand  blast, 
paint  «  minor 
rehab,  of 
machinery,  7 
dates  in  all 

$  43,000 
(recent 
contract) 

District 

Water  Env. 

Gate  Type 

Maintenance 

Coet/Gate 

Garment 

Naw  Orleans 

Fresh 

Niter  Gates 
for  locks 

SO*  x  37' 

leaf 

Paint  10-15 
yrs.  k  rehab. 

$250,000 

(’86) 

Approximately  the 
same  size  as  the  SEME 
date.  Note  that  cost 
is  comparable  to 
Huntington  contract. 

Seattle 

Fresh/Salt 

Miter  Gates 

Paint, over¬ 
haul,  &  re¬ 
place  damaged 
parts  every 

20  yrs. 

$840,000 

(recent 

contract) 

This  cost  reflects 
major  rehab  work. 

Seattle 

Fresh/Salt 

Tainter  Gates 
32'  x  10' 

Paint  i  Rehab 
6  dates 

$  83,000 
(recent 
contract) 

Cost  is  relatively 
hidh  for  gates  this 
size. 

walla  Walla 

Fresh 

Miter  Gates 
for  Nav. 
lock  43'  x 
55'  leaf 

Paint  «  Rehab 
every  4-5  yrs 

$100,000 

C86) 

walla  walla 

Fresh 

Tainter  Gates 
far  dam,  SO' 
x  50',  20  yrs 
old 

Paint  k  Rehab 
6  gates 

S  50,000 
(’86) 

Rock  Island 

Fresh 

Miter  Gates 
110'  width 

Paint  every 

15  yrs. 

$  20,000/ 

$  30,000 
(recent 
contract) 

This  represents  only 
a  rough  estimate... 
appears  too  lew. 

Rock  Island 

Fresh 

Tainter  Gates 
various  types 

Paint  tainter 
gates  every 
15-20  yrs., 

20  gates  tot. 
Also,  rehab 
as  needed 

$  50,000 
(recent 
contract) 
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Baltimore 

Fresh 

Curtain  Gates 
8  9  18*  *  12' 
Miter  Gates 

12  8  13'  x  9* 

Gates  were 
overhauled  in 
■83  for  1st 
time  since 
installation, 
includes  re¬ 
painting 

$  19,000 
C83) 

Cost  not  applicable 
to  SENE  since  these 
gates  are  smaller. 
Also,  curtain  gates 
are  designed 
differently. 

Little  Rock 

Fresh 

Tainter  Gates 
50'  x  30' 

Repaint,  rehab. 
15  gates  every 
15  years. 

$  57,000 
(’86) 

Pittsburgh 

Fresh 

Tainter  Gates 
110*  x  30' 

Repaint,  rehab. 
2  gates 

5100,000 

(recent 

contract) 

22.  Includes  rewinding  motors,  replacing  bearings,  adjusting  limit  switches, 
replacing/adjusting  cables  etc.  Most  of  the  annual  maintenance  should  be  limited  to 
those  ccr^onents  which  contribute  to  the  operation  of  the  ta inter  gates,  not  the 
gate  itself.  The  gate  proper  will  be  maintained  through  periodic  rehabilitation 
contracts  as  noted  above. 

23.  Based  on  recent  rehabilitation  work  done  at  other  districts;  see  footnote  *21. 
The  rehabilitation  costs  for  miter  gates  at  other  districts  vary  widely,  even  more 
so  than  for  ta inter  gates.  A  conservative  contract  cost  of  5150,000  is  assumed  with 
work  done  at  5  yr.  intervals. 

24.  Monitoring  Equipment: 

Basin  and  atmospheric  conditions  will  be  monitored  by  the  equipment  listed 
below.  All  information  will  be  relayed  to  a  control  center  for  analysis. 

Equipment  List: 

Ocean  level  gauge 
Harbor  level  gauge 
Saugus  River  discharge  meter 
Wind  direction  indicator 
Wind  velocity  indicator 
Barometric  pressure  gauge 
Rainfall  gauge 
Upper  basin  level  gauge 

Data  collection  platforms  (to  relay  information  to  control  center) 

Gauging  station 

Yearly  Maintenance  Costs 

Gauging  station  -  $2,500. 

Other  equipment  -  52,500. 

Control  center  personal  costs  (including  inspections)  -  520,000. 


OiM  -  13 


1 


25.  Two  full-time  personnel  will  be  required  for  barrier  operation.  Their  primary 
responsibility  will  be  manning  the  gates  during  the  anticipated  two  to  three 
closings  per  year  including  "close  calls".  Certain  contingencies  require  two  people 
to  assure  uninterrupted  operation  during  these  critical  periods.  For  example,  a 
lengthy  event  may  necessitate  rotating  shifts  between  the  two  operators,  or  one  of 
the  operators  may  be  unavailable  during  am  event.  It  may  be  argued  that  employees 
from  other  projects  could  provide  temporary  service  during  an  emergency  but  past 
experience  suggests  this  is  not  feasible.  A  major  event  usually  requires  full  time 
participation  of  all  available  trained  personnel.  In  fact,  many  employees  find  it 
necessary  to  work  multiple  shifts  to  keep  pace  with  the  emergency.  A  case  in  point 
concerns  the  Corps  flood  control  efforts  during  the  April  87  rainstorm.  Each  dam 
site  is  staffed  by  two  experienced  people.  However,  as  the  storm  progressed  several 
sites  required  emergency  backup  help  from  office  staffers  who  themselves  were 
already  fully  occupied  by  other  flood  control  priorities.  Undoubtedly,  reduced 
staffing  levels  would  have  undermined  what  proved  to  be  a  successful  effort. 

Other  operator  duties  include  normal  maintenance,  interfacing  with  the  public 
and  agency  officials,  data  collection,  managing  rehabilitation  and  repair  work, 
security,  etc.  These  duties  are  broken  down  by  hours  as  follows: 

A.  Maintenance  Duties: 

(1)  Equipment  testing  &  inspection: 

e.g.  gate  testing,  visual  inspection  of  hydraulic,  mechanical  &  utility 
components  for  damage,  leaks,  etc.  Say  1  hr /day  or  240  hr/yr. 

(2)  Routine  maintenance  jobs: 

e.g.  semi-annual  gate  greasing,  minor  painting  of  facility,  sweeping  and 
cleaning  access  areas,  grass  cutting,  cleaning  and  maintaining  electrical 
equipment,  changing  filters  and  lubricants  in  engines,  trouble  shooting 
minor  mechanical  or  electrical  problems,  replacing  or  cleaning  components  of 
the  cathodic  protection  system,  maintaining  heating/cooling  system, 
replacing  lights  and  gauges  when  necessary,  snow  removal.  Say  3  hr/day  or 
720  hr/yr. 

(3)  Security: 

Project  borders  both  a  highly  populated  area  and  an  ecologically  sensitive 
saltmarsh.  As  such,  regular  security  checks  will  be  needed.  The  basin  area 
will  be  routinely  monitored  for  activities  which  mayh  compromise  the 
effectiveness  of  the  project,  e.g.  fill  activities  which  reduce  basin 
storage  area.  Additional  time  will  be  spent  reporting  and  providing  written 
documentation  of  these  activities  to  appropriate  authorities.  Say  2  hr/day 
or  480  hr/yr. 

Total  *  1440  hr/yr. 

B.  Administrative  CXjties: 

(1)  Coordinate  maintenance  contracts: 

Work load  in  this  area  will  be  highly  variable.  Assume  it  will  average  out 
to  about  2  hr/day  or  480  hr/yr. 
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(2)  General  public  coordination: 

Includes  phone  calls,  meetings  with  private  groups,  public  tours,  public 
meetings/hearings,  responding  to  written  inquiries  or  corrments.  Preparation 
and  distribution  of  brochures.  Say  2  hr/ day  or  480  hr/yr. 

(3)  Coordination  with  other  agency  officials: 

Includes  checking,  recording  and  disseminating  physical  data  such  as  stream 
flow,  tides,  etc.,  rain  totals,  barometric  pressure,  wind  speed, 
temperature,  etc.  Also,  monitor  information  as  part  of  the  "Tide  Watch" 
program.  Also,  cooperate  with  agencies  such  as  MDC,  Corps,  EPA,  FWS, 
Conservation  Ccmnissions,  at  meetings  or  requests  for  information.  Say  5 
hr /day  or  1200  hr/yr. 

Total  *  2160  hr/yr 

Total  Maintenance  &  Administrative  -  3600  hr/yr.  Does  not  include  vacation, 

sick,  or  overtime. 

26.  Assume  that  a  one  acre  parking/ access  area  will  be  required.  This  area  will  be 
repaved  every  15  years.  Assume  that  prior  to  repaving  10%  of  the  area  will  require 
new  base  and  binder.  Costs  are  based  on  12"  base  coarse,  1-1/2"  binder,  and  2" 
overlay.  Costs  derived  from  Means  '88  edition  -  pgs.  55  &  65. 

27.  Mitigation  area  maintenance  includes  policing  the  area  and  cleaning  up  debris 
several  times  a  year,  naintenance  of  any  eroded  sections,  removal  of  any  flew 
restrictions,  and  consultant  fees  associated  with  any  marsh  productivity  problems. 
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A.  PERTINENT  DATA* 

1 .  Purpose . 

Coastal  Flood  Damage  Reduction 

2.  Location, 

State  -  Massachusetts 

Counties  -  Suffolk,  Essex,  Middlesex 

Cities  -  Revere,  Saugus,  Malden,  Lynn 

3 .  Design  Flood** 

Frequency  -  Standard  Project  Northeaster  (SPN)  except  for  Point  of 
Pines  which  is  100-year 

Elevation  -  12  Feet  National  Geodetic  Vertical  Datum  (NGVD)  except  for 
Point  of  Pines  which  is  10.3  feet  NGVD  and  Revere  Park 
dike  which  is  20  feet  NGVD. 

4.  Revere  Park  Dike 

Type  -  Earth  fill  with  stone  protection 
Top  elevation  -  23  feet  NGVD 

Freeboard  -  3  feet  (hydrologic  and  hydraulic  considerations) 

-  0  feet  (geotechnical  considerations) 

Maximum  height  above  landside  toe  -  15  feet 
Slopes  -  Oceanside  -  1  vertical  to  2.5  horizontal 

-  Landside  -  1  vertical  to  2.5  horizontal 
Length  -  3,420  feet 
Top  Width  -  10  feet 
Design  wave  height  -  undetermined*** 
foMing.  Area.  Wail 
Type  -  Concrete  Gravity 
Top  elevation  -  12  feet  NGVD 

Freeboard  -  1  foot  (hydrologic  and  hydraulic  considerations) 

-  0  feet  (geotechnical  considerations) 

Maximum  height  above  existing  ground  -  6  feet 
Total  length  -  500  feet 
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Point  of  Pines  Revetment 
Type  -  Stone 

Top  elevation  -  16  feet  NGVD  to  16.5  feet  NGVD 

Freeboard  -  5.7  feet  to  6.2  feet  (hydrologic  and  hydraulic  considera¬ 
tions) 

-  0  feet  (geotechnical  considerations) 

Maximum  height  above  landside  toe  -  5  feet 
Slopes  -  Oceanside  -  1  vertical  on  3  horizontal 

Landside  -  varies 
Total  length  -  1,550  feet 
Top  width  -  10  feet 
Design  wave  height  -  10.4  feet 
7.  Point  of  Pines  Revetment  and  Dune 

Type  -  Sand  dune  over  stone  revetment 

Top  elevation  -  14  feet  NGVD  to  16  feet  NGVD  (dune) 

-  14.5  feet  NGVD  (revetment) 

Freeboard  -  4.2  feet  NGVD  to  5.7  feet  NGVD  (hydologic  and  hydraulic 
considerations) 

-  0  feet  (geotechnical  considerations) 

Maximum  height  above  landside  toe  -  7  feet  (dune) 

-  5  feet  (revetment) 

Slopes  (revetment  only)  -  Oceanside  -  1  vertical  on  3  horizontal 

Landside  -  1  vertical  on  1  horizontal 

Top  Width  -  Varies 

-  10  feet  (revetment) 

Length  -  1,600  feet 

Design  wave  height  -  10.4  feet 


E-2 


8.  Point  of  Pines  Concrete  Cap 
Type  -  Concrete 

Top  elevation  -  14  feet  NGVD 

Freeboard  -  2  feet 

Height  -  1.7  feet 

Width  -  5  feet 

Length  -  200  feet 

9.  Point  of _Plnea_Wall 
Type  -  Concrete  T-wall 

Top  elevation  -  14  feet  NGVD  to  15  feet  NGVD 

Freeboard  -  2  feet  to  3  feet  (hydrologic  and  hydraulic  considerations) 
•  0  feet  (geotechnical  considerations) 

Maximun  height  above  lands ide  -  6  feet 
Length  -  700  feet 

10.  Saugus  River  Floodgate  -  Dike  Reaches 
Type  -  Earthfill  with  stone  protection 
Top  elevation  -  18  feet  NGVD 

Freeboard  -  3  feet  (hydrologic  and  hydraulic  considerations) 

-  3  feet  (geotechnical  considerations) 

Maximum  height  above  landside  toe  -  29  feet  (end  of  construction)**** 
Slopes  -  Oceanside  -  1  vertical  to  3  horizontal 
Landside  -  1  vertical  to  3  horizontal 
Total  length  -  545  feet 
Top  width  -  16  feet 
Design  wave  height  -  2.1  feet 
11-  Saueus  River  Floodgate  -  Navigation  Gate 
Type  -  Miter  Gate 
Width  -  100  feet  (gate  only) 

Total  width  -  148  feet  (base) 
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Gate  height  -  33  feet 

Top  elevation  -  15  feet  NGVD  (gate  only) 

Foundation  -  End  bearing  piles  (concrete) 

12.  Saugus  River  Floodgate  •  Flushing  CatS-S. 

Type  -  Tainter  Gates 

Number  -  10 

Gate  width  (each)  -  50  feet 
Gate  height  (gates  only)  -  14  feet 
Total  width  -  582  feet 

Foundation  -  End  bearing  piles  (concrete) 

13.  Lynn..Ditog 

Type  -  Earth  fill  with  stone  protection 

Top  elevation  -15  feet  NGVD  and  17  feet  NGVD 

Freeboard  -  3  feet  and  5  feet  (hydrologic  and  hydraulic 
considerations) 

-  0  feet  (geotechnical  considerations) 

Maximum  height  above  landside  toe  -  7  feet 
Slopes  -  Oceanside  -  1  vertical  on  2  horizontal 

-  Landside  -  1  vertical  on  2  horizontal 
Total  length  -  4,400  feet 
Top  width  -  12  feet 

Design  wave  heights  -  2.1,  2.4,  and  3.4  feet 

14.  Lvnn  Walls 

Types  -  Steel  sheet  pile  wall,  1-wall  and  Concrete  T-wall 

Top  elevation  -  14  feet  NGVD  and  15  feet  NGVD 

Freeboard  •  2  feet  (hydrologic  and  hydraulic  considerations) 

-  0  feet  (geotechnical  considerations) 

Maximum  height  above  landside  -  14  feet  (T-wall) 
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Lengths  -  Steel  sheet  pile  -  1,445  feet 

-  I -wall  -  780  feet 

-  Steel  sheet  pile  cap  -  1,100  feet 

-  T-wall  -  100  feet 

-  Gravity  wall  -  1,080  feet 
15.  Glam  Flats  (Mitigation) 

Type  -  Basin  with  outlet  to  Saugus  marsh  and  protective  berm 
Area  -  10  acres  (clam  bed) 

•  2.5  acres  (upper  slope) 

-  0.5  acres  (walkway) 

-  1.0  acres  (protective  berm) 

Top  elevation  -  11  feet  NGVD  (protective  berm) 

Freeboard  -  3  feet  (hydrologic  and  hydraulic  considerations) 

-  0  feet  (geotechnical  considerations) 

Bottom  elevation  -  4  feet  NGVD  (outlet) 

Slopes  •  1  vertical  to  3  horizontal  (maximum) 

NOTES 

*The  pertinent  data  section  indicates  the  information  used 
to  develop  geotechnical  input  for  the  project.  The  data  will 
be  used  as  a  reference  for  further  geotechnical  work  on  the 
project.  It  may  differ  from  the  main  report  or  other  appen¬ 
dices  because  additional  study  was  performed  by  other 
disciplines  after  completion  of  the  geotechnical  input. 

**The  Hydrologic  and  Hydraulic  Analysis  for  Tidal  Control 

Appendix  should  be  consulted  for  more  information  concerning 
the  design  flood. 

***The  Revere  Park  dike  will  only  be  subjected  to  small  waves. 

The  waves  will  be  generated  in  the  water  that  collects  between 
the  Revere  Beach  sea  wall  and  the  dike.  The  magnitude  of  the 
waves  was  not  determined  for  the  feasibility  study. 

****The  proposed  dike  will  settle  up  to  an  estimated  three  feet 
after  construction  of  Option  1-Phase  2  which  is  the  preferred 
option.  The  options  are  more  fully  discussed  in  paragraph  36. 
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B.  INTRODUCTION 


16 .  Project  Description 

The  primary  purpose  of  the  Regional  Saugus  River  Floodgate  plan  is  to 
provide  increased  coastal  flood  protection  for  more  than  5000  residential , 
commercial  and  industrial  buildings  in  Saugus,  Revere,  Malden  and  Lynn, 
Massachusetts.  The  plan  would  also  protect  several  transportation 
arteries,  increase  recreational  park  land,  reduce  maintenance  costs  for 
over  30  miles  of  existing  shore  front  and  structures  (piers,  docks,  walls, 
dikes,  revetments,  moorings,  etc)  along  the  coast  and  the  limits  of  the 
Saugus  and  Pines  River  Estuaries,  and  protect  storage  areas  in  the 
estuaries.  The  features  of  the  plan  which  require  significant 
geotechnical  consideration  are  a  1,275  foot  long  floodgate  structure 
across  the  mouth  of  the  Saugus  River,  8,905  feet  of  dikes,  walls  and  gates 
along  the  Lynn  Harbor,  a  3,420  foot  long  dike  behind  Revere  Beach,  4,050 
feet  of  walls,  revetments,  dunes  at  Point  of  Pines  and  a  10  acre  clam  flat 
basin.  The  features  are  shown  on  Sketch  No.  E-l. 

7.  General 

Geotechnical  engineering  studies  were  performed  to  further  the 
continued  planning  of  structural  features  to  reduce  coastal  flooding  in 
Revere,  Lynn,  Malden  and  Saugus,  Massachusetts.  Available  explorations 
and  geology  information  were  collected  and  used  to  provide  a  preliminary 
assessment  of  the  distribution  and  description  of  potential  foundation 
materials  and  conditions  for  the  proposed  improvements.  The  preliminary 
assessment  of  foundation  materials  was  used  to  develop  preliminary 
foundation  designs,  dike  sections,  wall  sections  and  construction  methods. 

Regional  floodgate  and  local  protection  plans  were  each  evaluated  at 
the  100-year,  500-year  and  Standard  Project  Northeaster  (SPN)  levels  of 
flood  protection.  A  flood  proofing  plan  was  evaluated  at  only  the 
100-year  level  of  protection.  The  Regional  Saugus  River  Floodgate  plan  at 
the  SPN  level  of  design  has  the  highest  net  economic  and  social  benefits 
and  reduction  in  flood  damages.  The  cross  sections  included  in  this 
Appendix  are  for  the  Regional  Floodgate  plan  at  the  SPN  level  of 
protection  except  for  the  Point  of  Pines  area.  A  previous  Point  of  Pines 
study  dated  October  1984  optimized  benefits  at  approximately  a  100-year 
level  of  protection.  Its  addition  into  the  Regional  plan  was  too  late  to 
develop  specific  cross  sections  for  this  report. 

18.  Ele.yfttlong-* 

All  elevations  mentioned  in  this  report  are  in  reference  to  the 
National  Geodetic  Vertical  Datum  (NGVD) ,  which  is  the  mean  sea  level  of 
1929.  Mean  high  tide  is  elevation.  5.0  feet  and  mean  low  tide  is 
elevation  -4.5  feet. 
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19.  Tonography 

The  project  area  is  located  in  the  Boston  Lowland  Division  (La  Forge, 
1932)  of  the  Boston  Basin.  The  Boston  Lowland  is  bounded  to  the  north  by 
the  Fells  Upland,  which  for  the  most  part,  is  delineated  from  the  Lowland 
by  an  escarpment.  The  greater  part  of  the  Lowland  along  the  coast  is  less 
than  SO  feet  above  sea  level.  Locally,  higher  areas  (up  to  17S  feet  above 
sea  level  in  the  project  area)  are  mainly  comprised  of  drumlins  of  which 
there  are  more  than  100  in  the  Boston  Basin,  some  of  which  are  partially 
submerged  and  form  many  of  the  higher  areas  of  the  Boston  Harbor  island. 

The  more  prominent  nearby  drumlins  are  in  the  southern  part  of  the  project 
area  and  include  Youngs  Hill,  Fennos  Hill,  Beachmont,  Orient  Heights,  and 
Grover  Cliff.  The  low  areas  are  dominated  by  Revere  Beach,  a  barrier 
beach  which  fronts  a  large  salt  marsh  and  the  estuary  of  the  Saugus  and 
Pines  rivers.  Revere  Beach  is  bounded  on  the  south  by  Roughan's  Point,  a 
bouldery  headland,  and  on  the  north  by  Point  of  Pines,  a  sandy  promontory 
which  widens  towards  its  end.  The  northern  limit  (Lynn  area)  of  the 
project  area  consists  mainly  of  former  marsh  land  now  filled  and  fronted 
by  wood  and  steel  bulkheads  and  stone  revetments,  while  the  southern  end 
is  dominated  by  a  timber  bulkhead  fronted  by  a  narrow  beach  which  is 
mostly  submerged  at  high  tide. 

20.  Geology. 

The  subsurface  bedrock  influences  the  topography  of  the  project  area. ’ 
The  Boston  Basin  is  a  structural  as  well  as  topographic  depression  filled 
by  late  Paleozoic  rocks,  chiefly  sedimentary,  which  are  younger  than  the 
crystalline  rocks  which  rim  the  basin.  The  sudden  change  to  a  rocky 
terrain,  which  marks  the  northern  part  of  the  Basin  and  the  project  area, 
is  the  hanging  wall  of  the  Basin's  boundary  fault.  In  the  project  area 
this  older  rocky  terrain  starts  just  north  of  Washington,  Walnut  and 
Holyoke  Streets  in  Lynn  and  just  northwest  of  Lincoln  Avenue  in  Saugus. 

The  bedrock  underlying  the  project  area  is  the  Cambridge  Argillite,  an 
indurated  non* fissile  siltstone  and  mudstone.  There  are  no  known  surface 
exposures  of  the  argillite  in  the  project  area  since  the  top  of  this  rock 
is  in  the  range  of  60  to  200  feet  below  the  surface.  The  bedrock* soil 
interface  is  thought  to  be  mostly  unweathered,  although  some  rock  cores 
from  the  area  show  poor  recovery  which  may  indicate  either  a  fractured  or 
weathered  surface.  Elsewhere  in  the  Boston  Basin,  the  Cambridge  Argillite 
is  locally  altered  to  clay. 

The  sediments  now  overlying  the  bedrock  are  ice  contact  (till), 
glaclofluvlal  or  marine  in  origin.  Till,  most  prominently  in  the  form  of 
drumlins,  tends  to  be  more  stoney  than  the  till  of  the  general  drift  sheet 
which  is  burled  in  most  of  the  project  area.  The  till  is  overlain  in 
places  by  clays  of  marine  or  lacustrine  origin  and/or  outwash.  A  blue 
clay  as  well  as  a  yellow  clay  have  been  noted  in  the  area  borings.  The 
yellow  clay  may  be  a  weathered  variety  of  the  blue  clay.  The  clays  are 
generally  overlain  by  peat  of  salt  marsh  origin.  The  beach  deposits  are 
redistributed  granular  materials  from  glacial  outwash  and  till.  Southward 
of  the  project  area  are  several  shoreline  drumlins  which,  until  earlier 
this  century  when  sea  walls  were  constructed,  had  been  actively  eroding 
from  wave  and  current  action.  Roughans  Point  and  Cherry  Island  Bar  are 


Che  bouldery,  cobbly  erosion*l  remains  of  a  drualin.  The  sand  and  gravel 
fraction  of  Che  drualin  tills  was  redeposiced  along  Che  beach  Co  Che 
north,  while  the  silts  and  clays  were  carried  offshore.  Additional  sands 
and  gravels  were  also  added  to  Che  beach  from  the  outwash  deposits  between 
Young's  Hill  and  Crescent  Beach.  Point  of  Pines  owes  its  wideness  to  a 
series  of  coalesced,  recurved  spits  formed  from  sands  transported 
northward  in  longshore  current. 

21.  Seismicity.^ 

The  proposed  project  lies  in  seismic  zone  3  according  to  the  seismic 
zone  map  of  the  United  States  (USACE,  1983).  The  "major  damage"  rating 
has  been  assigned  due  to  Che  concentration  of  earthquake  centers  in  the 
Cape  Arm  area  with  Modified  Mercalli  intensities  up  to  VIII. 


D.  SUBSURFACE  INVESTIGATIONS 

22.  Presentation  of  Data 

Subsurface  explorations  and  laboratory  tests  were  not  performed  for 
the  current  study.  Subsurface  information  was  collected  from  exploration 
programs  executed  for  other  proposed  and  completed  projects  that  lie  in 
the  vicinity  of  proposed  structures.  Locations  of  the  subsurface 
explorations  collected  are  shown  on  Sketch  Nos.  E-2  to  E-S.  Typical  soil 
profiles  of  the  subsurface  explorations  are  presented  on  Sketch  Nos.  E-6 
to  E-9. 


23.  Subsurface  Explorations 

The  logs  of  eleven  test  boring  programs  and  two  test  pit  programs 
which  were  performed  in  the  vicinity  of  the  proposed  project,  were 
collected.  Borings  were  typically  advanced  using  standard  wash  methods. 
Standard  penetration  tests  and  split  spoon  samples  were  generally  taken  at 
5-foo.t  intervals.  The  test  boring  depths  varied  from  23  feet  to  170 
feet.  Apparent  bedrock  was  encountered  in  nine  of  the  test  borings.  The 
test  pits  were  typically  excavated  to  10  feet  of  depth  unless  refusal  was 
encountered  or  cave-in  occurred.  Table  E-l  summarizes  the  subsurface 
exploration  programs. 

24.  Idf  >ratorv  Soil  Testing 

Laboratory  soil  testing  of  the  foundation  and  proposed  embankment 
materials  was  not  executed  for  the  current  study.  Laboratory  testing 
results  from  four  of  the  exploration  programs  performed  in  the  general 
vicinity  of  the  project  were  collected.  It  appears  that  the  tests  were 
generally  performed  in  accordance  with  current  Corps  laboratory  soil  test 
procedures  for  Civil  Works  projects.  The  test  results  are  presented  in 
Table  E-2. 

25.  Future  Explorations 

At  least  two  exploration  and  laboratory  testing  programs  will  be 
required  to  complete  design  of  the  subject  project.  The  two  programs  will 
be  performed  as  part  of  the  general  and  feature  design  memoranda  work  for 
the  project.  Additional  exploration  work,  if  required,  will  be  performed 
during  preparation  of  the  project's  plans  and  specifications. 
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26.  General . 


The  naCure  of  subsurface  conditions  was  studied  using  geologic  maps, 
observations  from  site  visits  and  exploration  logs.  A  typical  soil 
profile  was  developed  for  the  Saugus  River  Floodgate  structure,  the  Lynn 
walls  and  dikes,  the  Revere  Park  dike,  and  the  Point  of  Pines,  dunes, 
revetments  and  walls.  Each  typical  soil  profile  shows  average  boundary 
elevations  for  the  soil  strata  encountered  in  explorations  performed  in 
the  vicinity  of  the  major  project  features.  It  also  shows  average 
Standard  Penetration  Test  (SPT)  values  for  each  stratum  encountered. 
Boundary  elevations  and  SPT  values  may  vary  considerably  between 
explorations.  The  typical  soil  profiles  which  were  developed  are 
presented  in  Sketch  Nos.  E- 6  to  E-9. 

27.  Soil  Stratum  Descriptions. 

Eight  major  soil  types  were  encountered  in  the  explorations.  They 
are  shown  on  the  typical  soil  profiles  and  are  more  fully  described  below 

Fill.  Surficial  fill  was  encountered  in  the  Revere  Park  dike  area 
and  the  northern  portion  of  the  Lynn  dikes  and  walls  area.  The 
fill  thickness  varied  from  0  feet  to  22  feet  in  the  Park  dike  area 
and  0  feet  to  30  feet  in  the  Lynn  dikes  and  walls  area  where  it 
was  fully  penetrated.  Brick  fragments,  organic  silt  and  clay, 
loam,  cobbles,  ashes,  wood  cinders,  concrete,  glass,  metal, 
boulders  and  asphalt  were  noted  in  the  descriptions  of  the  fill. 

The  highest  concentrations  of  the  deleterious  materials  appeared 
to  be  in  the  top  5  feet  of  the  fill  in  the  Park  dike  area. 

Standard  penetration  test  results  indicates  that  the  surficial 
fill  is  very  loose  to  very  dense. 

Granular  Soils.  Granular  soils  were  found  at  the  surface  at 
Point  of  Pines,  Saugus  River  Floodgate,  and  approximately  the 
south  one -half  of  the  Lynn  walls  and  dikes  areas.  They  were 
also  found  below  the  surficial  fill  in  the  Revere  Park  dike  and 
approximately  the  north  one -half  of  Lynn  walls  and  dikes  area. 

The  granular  soils  were  usually  brown,  fine  to  medium  sand  with 
0  to  20  percent  gravel  and  0  to  20  percent  silt.  Higher  gravel 
contents  (up  to  60  percent  by  weight)  were  noted  in  some  of  the 
samples  taken  near  the  surface  in  the  Revere  Park  dike  and  Point 
of  Pines  areas.  Higher  silt  contents  (up  to  50  percent  by  weight) 
were  noted  near  the  surface  of  the  granular  soils  in  approximately 
the  south  one -half  of  the  Lynn  dikes  and  walls  area.  Thin  peat 
layers  (typically  1/8 -inch  thick)  were  found  near  the  bottom  of 
the  granular  soils  in  the  Point  of  Pines  area.  Silt  and  clay 
layers  up  to  1  inch  thick  were  found  in  the  granular  soils  in 
approximately  the  north  one -half  of  the  Lynn  dikes  and  walls 
area.  The  granular  soils  are  very  loose  to  very  dense  based  on 
standard  penetration  test  results. 


Organics .  A  Chin  layer  of  organic  soils  was  found  in  approximately 
one-fourth  of  the  borings  except  for  the  Point  of  Pines  area.  The 
organic  soils  are  generally  dark  brown  to  black  organic  silts  and 
peats.  They  varied  in  thickness  from  1  foot  to  10  feet  except  for 
boring  H-2  (Lynn  dikes  and  walls  area)  where  approximately  26  feet 
of  organics  were  encountered.  The  results  of  standard  penetration 
tests  indicate  that  the  organic  soils  are  very  soft  to  stiff. 

Yellow  Clav.  Yellow  silty  clay  was  noted  in  approximately  one-third 
of  the  borings  in  the  Revere  Park  dike  and  Saugus  River  Floodgate 
areas.  The  yellow  silty  clay  varied  in  thickness  from  4  feet  to 
20  feet  in  the  explorations  that  it  was  observed.  Standard 
penetration  tests  results  indicate  that  the  yellow  silty  clay  is 
medium  stiff  to  hard.  The  liquid  limit  varied  from  40  to  43  and 
the  plastic  limit  varied  from  18  to  19  in  three  Atterberg  limit 
tests  performed  on  the  yellow  silty  clay. 

Gray  Slltv  Clav.  A  compressible  gray  silty  clay  (Boston  Blue  Clay) 
layer  was  the  predominant  soil  stratum  encountered  in  the  study 
area.  The  stratum  thickness  varied  from  14.5  feet  to  98.5  feet  in 
the  explorations  where  it  was  completely  penetrated.  Twenty-three 
Atterberg  limit  tests  executed  on  the  gray  silty  clay  produced 
liquid  limits  from  31  to  53  and  plastic  limits  from  16  to  29.  The 
gray  silty  clay  is  very  soft  to  very  stiff  based  on  standard 
penetration  test  results. 

Gray  Sandy  Clav.  A  gray  sandy  clay  was  found  below  the  gray  silty 
clay  in  the  south  one-half  of  the  Lynn  dikes  and  walls  area  only. 

The  sandy  clay  varied  from  5  feet  to  27  feet  in  thickness.  The 
descriptions  of  the  sandy  clay  indicated  that  it  was  slightly  to 
moderately  plastic.  It  is  very  stiff  to  hard  based  on  standard 
penetration  test  except  for  a  15  foot  lens  in  exploration  F-324 
(Lynn  dikes  and  walls  area)  where  is  was  very  soft. 

Sand  and  Gravel.  Sand  and  gravel  with  trace  to  little  silt  and 
clay  content  was  sampled  below  the  clay  and  above  bedrock  in  the 
study  area  except  for  the  Point  of  Pines  area  where  the  explorations 
were  not  deep  enough  to  do  so.  The  descriptions  of  the  sand  and 
gravel  generally  indicated  that  the  sand  content  was  slightly 
greater  than  the  gravel  content.  Sand  as  well  as  gravel  contents 
up  to  almost  100  percent  were  noted  in  a  couple  of  the  descriptions. 
The  sand  and  gravel  layer  was  from  5  feet  to  41  feet  thick  where 
it  was  fully  penetrated  in  the  explorations.  Standard  penetration 
test  results  from  8  to  396  indicate  that  the  sand  and  gravel  density 
varies  from  loose  to  very  dense.  Standard  penetration  test  results 
greater  than  100  probably  indicate  the  presence  of  cobbles  and 
boulders  in  the  sand  and  gravel. 

Argillite.  The  deepest  material  sampled  was  argillite  bedrock.  The 
argillite  was  described  as  slightly  weathered,  moderately  hard,  fine 
grained  and  thin  bedded  in  the  sample  descriptions. 
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28. 


1 


Groundwater  was  generally  observed  between  the  mean  high  tide  level 
(elev.  5.0  feet)  and  the  mean  low  tide  level  (elev.  -4.5  feet)  in  the 
explorations.  Many  of  the  logs  indicated  that  the  groundwater  fluctuated 
with  the  tide  level.  It  should  be  noted  that  fluctuations  in  the 
groundwater  level  may  occur  due* to  variations  in  tide,  rainfall,  snow, 
temperature,  ice,  wind,  or  other  factors  which  differ  from  the  conditions 
present  at  the  time  the  observations  were  made. 


F.  DESIGH  AND  CONSTRUCTION 


29.  General . 

Proposed  sections  for  the  project  are  shown  on  Sketch  Nos.  E-10  to 
E-17.  The  proposed  sections  for  the  Saugus  River  Floodgate  and  the  Lynn 
dikes  and  walls  area  were  specifically  dieveloped  for  the  subject 
feasibility  study.  The  proposed  embankment  section  for  the  Revere  Park 
dike  area  was  developed  for  a  reconnaissance  report  on  the  Revere  Beach 
Backshore.  Aesthetic  and  small  physical  modifications  were  made  to  the 
Revere  Park  dike  section  for  the  subject  feasibility  study.  The 
revetment,  dune,  and  wall  sections  for  the  Point  of  Pines  area  were 
developed  for  a  Detailed  Project  Report  on  the  Point  of  Pines  area. 
Modifications  were  not  made  to  the  Point  of  Pines  sections  for  the  current 
study  because  the  Point  of  Pines  area  was  added  to  the  study  at  too  late  a 
date. 

30.  Design  Criteria. 

The  principles  and  procedures  discussed  in  USACE  Engineering  Manual 
EM  1110-2-1913,  "Design  and  Construction  of  Levees",  were  used  to  develop 
dike  sections  for  the  proposed  project.  The  proposed  revetments  were 
developed  from  the  principles  and  procedures  outlined  in  the  USACE  Coastal 
Engineering  Research  Center,  "1984  Shore  Protection  Manual",  layer 
thicknesses  and  stone  sizes  for  the  proposed  stone  protection  on  the  dikes 
and  revetments  were  calculated  using  procedures  in  USACE  Engineering 
Manual  EM  1110-2-1601,  "Hydraulic  Design  of  Flood  Control  Channels",  USACE 
Engineering  Technical  Letter,  ETL  1110-2-120,  "Additional  Guidance  for  Rip 
Channel  Protection"  and  the  USACE  Coastal  Engineering  Research  Center, 
*1984  Shore  Protection  Manual".  Preliminary  designs  for  the  proposed 
cofferdams  at  the  Saugus  River  Floodgate  were  developed  from  guidance  in 
USACE  Technical  Report,  ITL-87-5,  "Theoretical  Manual  for  Design  of 
Cellular  Sheet  Pile  Structures"  and  Department  of  the  Navy  Design  Manual, 
NAVFAC  DM-7.2,  "Foundations  and  Earth  Structures". 

31.  Characteristics  of  Embankment  Materials 

Some  of  the  materials  from  the  required  stripping  and  excavation 
operations  will  be  suitable  for  use  in  the  construction  of  the  dikes  and 
revetments  as  well  as  backfill  for  the  walls  and  Saugus  River  Floodgate 
structure.  The  suitable  materials  from  the  excavation  and  stripping 
operations  will  be  used  to  the  extent  practicable.  The  contractor  will 
furnish  all  embankment  materials  other  than  those  available  from  the 
required  excavation  and  stripping  operations,  due  to  the  high  cost  of 
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developing  Government- furnished  borrow  areas  and  difficulty  involved  in 
acquiring  the  land  for  borrow  areas.  The  proposed  embankment  materials 
are  described  below. 


Random  Fill.  Random  fill  will  be  a  friable,  granular,  low 
plasticity  unprocessed  soil.  The  amount  of  soil  particles 
passing  the  Mo.  200  sieve  will  be  less  than  35  percent  of  the 
random  fill's  dry  unit  weight.  Random  fill  shall  be  free  of 
stumps,  trash,  debris,  cinders,  ashes,  topsoil,  sod,  roots, 
organic  soils,  boulders  and  other  deleterious  materials. 


Impervious  Fill.  Impervious  fill  will  be  a  well  graded,  natural 
unprocessed  material  which  contains  sand,  silt  and  clay  sized 
particles.  The  material  will  not  contain  organic  matter, 
vegetation,  sod,  roots,  debris,  frozen  soil  or  boulders. 
Impervious  fill  will  be  well  graded  within  the  following  limits: 

Sieve  Size  Percent  Passing 

(U.  S.  Standard)  bv  Dry  Weight 


6 -inch 
3 - inch 
No.  4 
No.  4 
No.  200 


100 

90-100 

60-95 

35-75 

20-50 


Gravel  Fill  and  Bedding.  Gravel  fill  and  bedding  materials  will  be 
a  natural  material  consisting  of  sand,  gravel  and  crushed  stone 
particles.  The  particles  will  be  tough,  durable  and  angular. 

Gravel  fill  and  bedding  will  be  free  from  thin,  flat  and  elongated 
particles,  organic  matter,  friable  particles,  loam,  clay  and 
other  deleterious  materials.  Gravel  fill  and  bedding  shall  be 
well  graded  within  the  following  limits: 


Sieve  Size 

(V.  S.  Standard), 
3 - inch 
1/2 -inch 
No.  4 
No.  50 
No.  200 


Percent  Passing 

to.  Pry  Weight 
100 
50-85 
40-75 
8-28 
0-8 


Topsoil.  Topsoil  will  be  a  fertile,  friable  mixture  of  sand,  silt 
and  clay  particles.  It  shall  be  free  of  roots,  stumps,  cobbles, 
boulders,  gravel  larger  than  one  inch  in  diameter,  clay  lumps, 
weeds,  brush  and  trash.  It  will  have  demonstrated  that  it  is 
capable  of  supporting  vegetative  growth  before  it  is  stripped. 

Sand.  Sand  will  consist  of  clean,  inert  grains  of  durable  rock 
smaller  than  1/4  inch  in  diameter.  It  will  be  free  from  loam, 
clay,  debris,  gravel,  cobbles,  boulders  and  other  deleterious 
materials.  The  amount  of  particles  passing  the  No.  200  sieve  will 
be  less  than  10  percent  of  the  sand's  dry  unit  weight. 
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Granular  Fill.  Granular  fill  will  be  a  well  graded,  natural 
unprocessed  material  which  contains  primarily  sand  and  gravel 
particles.  The  individual  particles  will  be  hard  durable  stone 
and  sand  free  from  clay,  trash,  debris,  snow,  ice  and  any  other 
deleterious  materials.  Granular  fill  will  be  well  graded 
within  the  following  limits: 


Sieve  Size 


Percent  Passing 


6 -inch 
No.  10 
No.  40 
No.  200 


100 

30-95 

10-70 

0-15 


Slltv  Sand.  Silty  sand  will  be  a  well  graded,  natural  material 
which  contains  mainly  sand  and  silt  particles.  The  material 
will  not  contain  organic  matter,  vegetation,  sod,  roots,  debris 
frozen  soil  or  boulders.  The  amount  of  particles  passing  the 
No.  200  sieve  will  be  more  than  20  percent  and  less  than  45 
percent  of  the  silty  sand's  dry  unit  weight. 

Stone  Bedding.  Stone  bedding  will  consist  of  hard,  durable, 
angular  and  sound  quarried  rock  fragments.  The  rock  fragments 
will  have  a  unit  weight  of  not  less  than  162  pounds  per  cubic 
foot  based  on  the  saturated  surface  dry  specific  gravity. 

Stone  bedding  shall  be  well  graded  between  0  pounds  and  50  pounds . 

Stone  Protection.  Stone  protection  materials  will  consist  of 
hard,  durable,  angular.  Irregular,  and  sound  quarried  rock 
fragments.  Each  stone  will  have  a  density  of  not  less  than  162 
pounds  per  cubic  foot  based  on  the  saturated  surface  dry  specific 
gravity.  Stones  in  the  material  will  not  have  long  dimensions 
which  exceed  3  time  their  short  dimension.  The  proposed  ranges 
of  stone  weight  (in  pounds)  for  the  subject  project  are  listed 
below. 


Maximum 

Mean 

Minimum 

Class 

Weight 

Weight 

Weight 

I 

3500 

900 

100 

II 

1500 

400 

50 

III 

350 

90 

10 

IV 

120 

25 

2 

Producers  of  earth,  sand,  gravel  and  stone  materials  were  contacted 
November  1988  to  identify  sources  which  could  provide  the  large  quantities 
required  for  the  proposed  project.  All  of  the  required  materials  can  be 
supplied  by  producers  located  within  a  50  mile  radius  of  the  project 
site.  Table  E-3  lists  possible  producers  and  the  materials  that  they 
could  supply. 
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Laboratory  tests  were  not  performed  on  the  foundation  materials  or 
the  proposed  embankment  materials  for  the  current  study.  Design  values 
were  estimated  based  on  laboratory  and  exploration  log  data  collected  from 
other  projects  in  the  immediate  vicinity,  data  from  similar  projects  in 
the  Boston  Metropolitan  area,  and  experience  with  similar  materials.  The 
estimated  design  values  are  shown  on  Table  E-4. 

34.  Seepage  Control. 

The  design  hydrostatic  head  for  the  proposed  dikes  and  walls  is  the 
difference  between  the  SPN  flood  level  (El.  12  feet)  on  the  oceanside  and 
a  water  level  at  the  lowest  point  along  the  ground  surface  (El.  6  feet)  on 
the  landside.  The  design  hydrostatic  head  at  the  Saugus  River  Floodgate 
structure  is  the  difference  between  the  SPN  flood  level  (El.  12  feet)  on 
the  oceanside  and  the  water  level  at  the  lowest  estimated  elevation  of 
closure  (El.  2  feet)  on  the  landside.  The  duration  of  the  design 
hydrostatic  head  in  each  case  is  an  estimated  two  hours.  Project  features 
will  experience  50  percent  or  more  of  the  design  hydrostatic  heads  up  to 
seven  hours.  The  relatively  small  and  short  duration  design  hydrostatic 
heads  predicted  for  the  subject  project  should  not  cause  serious  seepage 
problems.  Potential  seepage  will  be  controlled  by  semi - impervious  core 
and  foundation  materials,  and  the  length  of  the  seepage  path.  A  landside 
toe  drain  does  not  appear  to  be  needed  at  this  time. 

35 .  Enhunlment  Stability. 

Stability  analyses  of  the  Revere  Park  dike,  Point  of  Pines,  and  Lynn 
embankments  were  not  judged  to  be  necessary  for  the  current  study.  A 
stability  analysis  was  performed  on  the  Saugus  River  Floodgate  section 
shown  on  Sketch  Nos.  E-12  to  E-14  using  non-circular  failure  surfaces  and 
the  UTEXAS2  slope  stability  program.  The  design  unit  weights  and  shear 
strengths  used  in  the  program  are  shown  on  Table  E-4.  A  minimum  factor  of 
safety  of  1.3  was  calculated.  The  results  Indicate  that  the  proposed 
section  is  safe  from  failure  for  the  conditions  analyzed. 

36.  gstUCBCHt. 

The  silty  clay  and  organic  foundation  soils  which  are  described  in 
the  exploration  logs  and  shown  on  the  typical  profiles  (Sketch  Nos.  E-6  to 
E-9)  are  highly  compressible.  Preliminary  settlement  estimates  based  on 
assumed  compression  indices  indicate  that  up  to  six  feet  of  total 
settlement  could  occur  under  the  embankment  portion  of  the  proposed  Saugus 
River  Floodgate.  It  was  also  estimated  that  proposed  dikes,  revetments, 
utilities  and  walls  which  are  not  supported  by  end  bearing  piles  could 
settle  up  to  two  feet.  The  settlement  will  continue  after  the  project  is 
completed  but  will  occur  at  slower  and  slower  rates. 
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All  project  features  will  be  designed  to  withstand  the  foreseeable 
structural  and  flood  problems  that  might  occur  due  to  settlement.  Two 
possible  schemes  are  proposed  to  deal  with  the  six  feet  of  estimated 
settlement  at  the  Saugus  River  Floodgate  embankment.  They  are  shown  on 
Sketch  Nos.  E-12  to  E-14.  The  preferred  scheme  (Sketch  Nos.  E-12  and 
E-13)  would  involve  stage  construction.  The  embankment  would  be 
constructed  to  approximately  El.  10  feet  and  allowed  to  settle 
(approximately  three  feet)  for  6  to  12  months.  Then  the  embankment  would 
be  overbuilt  to  El  18  feet  to  accommodate  the  approximately  three  feet  of 
settlement  which  could  occur  during  the  next  100  years.  A  second  scheme 
(Sketch  No.  E-14)  in  which  the  embankment  would  be  overbuilt  to  El.  21  feet 
and  allowed  to  settle  approximately  six  feet  during  the  next  100  years  is 
also  a  possibility.  The  first  scheme  is  preferred  because  cracks  and 
holes  which  develop  in  the  embankment  during  the  initial  6  to  12  month 
settlement  period  could  be  filled.  Vertical  drains  will  be  used  with 
either  scheme  to  expedite  the  settlement  so  that  90  percent  of  the  total 
estimated  settlement  should  occur  within  12  months  after  completion  of  the 
overbuilt  embankments.  Surcharging,  foundation  modification,  stage 
construction  and  eliminating  the  vertical  drains  will  be  studied  as 
methods  to  reduce  the  detrimental  effects  from  the  estimated  settlement. 
The  risk  of  each  method  will  be  considered,  and  if  the  risks  are 
unacceptable,  a  wall  supported  by  end  bearing  piles  will  be  required. 

The  proposed  dikes,  revetments,  utilities  and  walls  which  are  not 
supported  by  end  bearing  piles  have  not  been  designed  to  withstand 
settlement  due  to  time  and  cost  limitations.  Money  has  been  included  in 
the  cost  estimate  contingencies  for  modifications  which  might  have  to  be 
made  to  these  structures.  The  problem  will  be  studied  in  more  detail 
during  the  next  study  stage. 

Settlement  of  dikes  and  embankments  adjacent  to  pile  supported 
structures  is  a  concern.  The  settlement  of  the  dikes  and  embankments  will 
induce  downdrag  forces  on  the  piles  and  subsidence  below  the  structures. 
The  magnitude  of  the  downdrag  forces  on  and  subsidence  below  the  proposed 
and  existing  pile  supported  structures  has  not  been  determined  due  to  time 
and  cost  limitations  for  this  study.  The  use  of  sheet  pile  cutoff  walls, 
more  pile  supported  structures  and  changes  in  the  construction  sequence  or 
alignment  may  be  required  to  alleviate  these  problems.  They  will  be 
studied  in  more  detail  during  the  next  study  stage. 

37.  Placement  and  Compaction. 

Compacted  fill  materials  will  be  spread  with  bulldozers  or  other 
approved  equipment  in  loose  layers  of  8  inches  in  non* restricted  areas  and 
4  inches  in  restricted  areas.  Each  layer  will  be  compacted  to  95  percent 
of  its  maximum  dry  unit  weight  as  determined  by  modified  proctor  test  ASTM 
D-1557.  Heavy  tractors  and  vibratory  rollers  will  not  be  allowed  in 
restricted  areas.  Restricted  areas  will  be  defined  as  follows: 

a.  Areas  within  3  feet,  measured  horizontally,  of  the  outer  surface 
of  utility  pipes,  appurtenant  structures,  small  conduits  and  similar  items 
until  the  fill  has  been  constructed  to  a  level  12  inches  above  the  top  of 
a  metal  pipe  or  24  inches  above  the  level  of  any  other  pipe  or  item. 
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b.  Areas  over  the  Cop  of  footings  until  the  concrete  has  been 
covered  witn  ?  inches  of  fill  material. 

c.  Areas  within  3  feet,  measured  horizontally,  of  the  outer 
structure  of  retaining  walls. 

d.  Areas  of  a  compacted  fill  zone  at  any  elevation  where  compaction 
of  the  fill  material  can  not  be  accomplished  with  tractors  due  to  space 
limitations. 

38.  Slone  Protection. 

Coastal  and  hydraulic  engineering  analysis  of  wave  conditions  for  the 
geotechnical  design  of  project  features  except  for  the  Revere  Park  dike 
indicates  that  maximum  wave  heights  which  will  occur  during  a  SPN  storm 
will  vary  from  2.1  feet  to  10.4  feet.  It  was  assumed  only  small  waves 
(less  than  2  foot)  would  impact  the  Revere  Park  dike.  They  would  be 
generated  in  the  ponded  water  that  overtopped  the  existing  Revere  Beach 
seawall.  The  10.4  foot  maximum  wave  height  calculated  for  the  Point  of 
Pines  Detailed  Project  Report  appears  to  be  over  conservative  based  on 
recent  WES  studies  and  will  be  re-evaluated  during  the  next  study  stage. 

Stone  layer  thicknesses  and  stone  sizes  were  calculated  using  the 
maximum  wave  heights.  Proposed  stone  protection  sections  are  shown  on 
Sketch  Nos.  E-10  to  E-15.  The  stone  sizes  required  to  construct  the 
minimum  exposed  layer  thickness  (2  feet  in  Lynn  Dikes  and  Walls  area)  will 
be  large  enough  to  be  considered  "vandal  proof".  Proposed  classes  and 
weight  ranges  for  the  stone  protection  are  listed  in  Section  31. 

39.  Pile  Foundations. 

The  navigation  gate  and  flushing  gates  for  the  Saugus  River  Floodgate 
will  be  concrete  and  steel  structures  which  will  not  withstand  a  large 
amount  of  differential  settlement.  The  foundation  materials  for  the 
proposed  gates  are  highly  compressible.  Deep  piles  which  extend  into  the 
argillite  bedrock  will  be  needed  to  properly  support  the  gates. 

Prestressed  concrete,  steel  pipe  and  steel  H  piles  were  considered.  It 
appears  that  the  prestressed  concrete  piles  will  be  most  economical  based 
on  discussions  with  local  pile  driving  contractors.  It  was  assumed  that 
the  prestressed  concrete  piles  will  penetrate  the  argillite  bedrock 
approximately  10  feet. 

40.  Environmental . 

The  proposed  project  will  not  adversely  impact  the  geology, 
topography  or  soils  in  the  project  area.  Estimated  settlement  of  the 
foundation  materials  under  the  proposed  earth  embankments  will  increase 
from  0  to  2  feet  to  0  to  6  feet.  Erosion  of  surficial  soils  in  the 
project  vicinity  should  decrease  if  the  project  is  implemented.' 

41-  Assess , 

Access  is  good  along  the  proposed  project  alignment.  Bituminous 
concrete  roads  run  adjacent  to  the  Park  dike,  Point  of  Pines  and  south  end 
of  the  Saugus  River  Floodgate  areas .  The  north  end  of  the  Saugus  River 
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Floodgate  and  the  Lynn  Dikes  and  Walls  areas  are  typically  flat  filled 
areas.  Gravel  haul  roads  may  be  needed  in  these  areas  to  support  heavy 
equipment  during  wet  periods.  Many  commercial  marinas  are  within  5  miles 
of  the  proposed  site  which  could  be  used  to  launch  and  support  work  boats 
and  barges. 

42.  Pipelines 

Storm  drain  pipelines  cross  the  proposed  dike  and  revetment 
alignments  at  many  locations.  The  ftorm  drains  will  be  combined  and 
relocated  to  the  extend  practicable.  Flexible  storm  drain  piper  or 
oversized  annular  sleeves  will  be  used  where  the  storm  drains  must  cross 
dikes  and  revetments  to  reduce  possible  damage  to  the  pipes  from 
differential  settlement.  Flapgates  or  similar  structures  map  may  be  used 
at  the  end  of  each  storm  drain  pipe  to  prevent  inflow  of  water. 

43 .  Accelerated  Sea  Level  Rise. 

Accelerated  sea  level  rise  would  increase  the  potential  that  project 
features  are  overtopped.  Overtopping  could  damage  project  features  and 
flood  areas  on  the  landside  of  project  features.  Sea  level  rise  at  the 
historical  rate  of  one  foot  per  one  hundred  years  is  not  expected  to  cause 
significant  damage  to  project  features  nor  major  flood  problems. 

Accelerated  sea  level  rise  at  the  maximum  estimated  rate  of  four  feet 
per  one  hundred  years  would  cause  significant  damage  to  and  some  flooding 
behind  all  of  the  earth  structures  along  the  project  alignment.  The 
damage  to  earth  structures  could  be  reduced  by  providing  stone  protection 
on  the  backside  of  the  Revere  Park  dike  and  Lynn  dikes  which  are  the  only 
earth  structures  along  the  alignment  which  are  not  designed  for 
significant  overtoppir"  Potential  flood  damage  could  be  reduced  by 
increasing  the  height  of  all  structures  along  the  project  alignment  four 
feet.  The  costs  for  protecting  the  Revere  Park  dike  and  Lynn  dikes 
against  overtopping  are  relatively  insignificant.  The  real  estate  and 
material  costs  for  raising  all  the  structures  to  reduce  flooding  are  high. 

44.  Cofferdams . 

Various  schemes  using  combinations  of  cellular  cofferdams,  ring 
girder  cofferdams,  and  braced  excavations  were  considered  to  provide  a  dry 
construction  area  for  the  proposed  gates .  A  scheme  using  a  ring  girder 
cofferdam  to  construct  the  navigation  gate  and  braced  excavations  to 
construct  the  flushing  gates  is  preliminarily  judged  to  be  the  most 
economical.  It  does  not  appear  that  installation  of  steel  sheet  piles 
required  for  the  cofferdams  will  be  a  problem.  The  steel  sheet  piles  will 
be  pulled  and  reused  to  the  extent  practicable  for  the  Lynn  walls . 

Further  study  is  necessary  to  determine  the  most  economical  cofferdam 
scheme . 

45.  Dredging. 

Dredging  of  the  Saugus  River  channel  will  be  required  to  excavate  for 
the  foundation  and  base  of  the  proposed  Saugus  River  Floodgate,  provide 
flow  channels  to  the  gates,  and  to  provide  an  alternate  navigation  channel 
during  construction  of  the  navigation  gate.  Borings  in  the  vfcinity  of 
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the  proposed  areas  to  be  dredged  show  that  the  aaterials  to  be  dredged 
could  vary  in  size  from  a  silty  clay  to  a  fine  sand.  The  tutorials  will 
be  used  on  other  project  features  to  the  extent  practicable.  The  excess 
material  will  be  disposed  of  at  an  open  ocean  disposal  site. 

46.  Construction  Sequence. 

The  construction  sequence  for  the  proposed  project  is  described  in 
Appendix  A.  It  is  arranged  so  that  environmental  impacts  to  the  Saugus 
Marsh  should  not  be  significant  and  navigation  through  the  channel  will  be 
maintained  without  compromising  the  design  of  the  project.  Further  study 
is  recommended  after  the  WES  Saugus  River  model  study  and  preliminary 
borings  to  re-evaluate  the  sequence  and  add  stone  protection  in  areas 
where  channel  velocities  are  increased  significantly  during  construction. 

47.  1-95  Embankment. 

It  appears  that  the  1-95  embankment  presently  retards  flood  levels 
west  of  the  embankment  for  most  storms.  Recent  mining  of  the  embankment 
has  raised  the  question:  How  much  of  the  embankment  can  be  removed 
without  sacrificing  its  flood  retention  capabilities?  Cursory  hydraulic 
and  hydrologic  tide  gage  measurements  show  approximately  two  feet  of  head 
is  retained  across  the  embankment  during  major  flood  events  without  the 
Regional  Saugus  River  Floodgate  plan.  The  estimated  flood  water  elevation 
east  of  the  embankment  during  major  storms  is  approximately  2.5  feet  lower 
with  the  Saugus  River  Floodgate  regional  plan  than  without.  Preliminary 
seepage  and  stability  studies  were  performed  to  develop  the  minimum  safe 
section  (maximum  allowable  cut)  during  major  flood  events.  Sketch  No. 

E-16  shows  the  maximum  allowable  cuts  for  the  with  and  without  Regional 
Saugus  River  Floodgate  plan  conditions.  The  top  allowable  cut  elevation 
(El.  11  feet  with  and  El.  13.5  without  the  Regional  Saugus  River  Floodgate 
plan  conditions)  is  approximately  3  feet  above  (freeboard)  the  estimated 
Stillwater  level  during  major  flood  events  east  of  the  embankment.  The 
bottom  allowable  cut  elevation  was  set  at  El.  5  feet  because  El.  5  feet 
matches  existing  grades,  and  it  is  feared  that  deeper  cutting  operations 
wouM  remove  material  that  is  too  salty  or  contains  too  high  an  organic 
content  for  reuse. 

48.  Mitigation. 

Construction  of  the  Regional  Saugus  River  Floodgate  plan  will  destroy 
approximately  10  acres  of  clam  flats.  Similar  flats  will  be  constructed 
and  developed  along  the  north  s.de  of  the  1-95  embankment  approximately 
1000  feet  east  of  Copeland  Circle  and  Immediately  south  of  the  Seaplane 
Basin.  The  1-95  embankment  will  be  cut  to  El.  9  feet  by  the  State  of 
Massachusetts  and  local  contractors  for  other  projects  prior  to  plan 
mitigation.  Then,  a  13  acre  basin  (include  approximately  10  acres  of  clam 
flats)  will  be  cut  into  the  embankment.  A  sketch  through  the  center  of 
the  proposed  basin  is  shown  on  Sketch  No.  E-17.  The  buffer  zone  will  be 
used  as  an  access  road  to  the  mitigation  area.  The  protective  berm 
(El.  11  feet),  which  is  designed  with  3  feet  of  freeboard,  will  be 
constructed  to  retard  flood  levels  west  of  the  1-95  embankment  after 
removal  of  the  outer  berm  (El.  15  feet).  The  flood  retention  capabilities 
of  the  1-95  embankment  are  more  fully  discussed  in  the  preceding 
paragraph.  The  alternate  mitigation  area  will  be  used  if  the  proposed 
mitigation  area  is  unacceptable. 
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Approximately  186,000  cubic  yards  (cy)  of  granular  materials  and 
4,000  cy  of  organic  materials  will  be  excavated  for  the  basin.  The 
granular  materials  and  peat  will  be  excavated  with  a  backhoe  or  dragline 
and  transported  by  truck  to  designated  disposal  areas.  It  appears  that 
76,000  cy  of  the  granular  materials  excavated  (El.  9  feet  to  El.  5  feet) 
should  be  relatively  clean.  The  clean  granular  materials  will  be  used  for 
the  Revere  Park  dike's  random  fill  section  (56,000  cy)  or  sold  for  general 
use  from  a  stockpile  located  east  of  the  basin.  It  is  assumed  that  the 
remaining  110,000  cy  of  granular  materials  excavated  (El.  5  feet  to  El.  -4 
feet)  will  have  a  high  salt  content  because  they  are  presently  situated  in 
the  tidal  zone.  They  will  be  used  for  dumped  granular  fill  and  random 
fill  sections  of  the  Lynn  dikes  and  walls  (72,000  cy)  and  Point  of  Pines 
Beach  replacement  (6,000  to  8,000  cy) .  The  remaining  high  salt  content 
material  could  be  used  for  Revere  Beach  and  Point  of  Pines  beach 
maintenance  and  road  sanding.  It  will  be  stored  in  a  berm  around  the 
basin.  The  organic  materials  will  be  trucked  off  site  to  a  disposal  area. 

49.  Ponding  Area  Wall, 

The  ponding  area  will  require  approximately  500  feet  of  concrete 
gravity  wall.  The  maximum  height  of  the  wall  above  grade  will  be  6  feet. 
It  does  not  appear  that  there  will  be  any  major  geotechnical  concerns  that 
would  hamper  the  design  and  construction  of  the  wall  at  this  time. 
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TABLE  E-4 
TED  DESIGN 


Design  values  were  estimated  based  on  laboratory  and  exploration  log  data 
collected  frcm  other  projects  in  the  ismediate  vicinity,  data  from  similar  projects 
in  the  Boston  Metropolitan  area,  and  experience  with  similar  materials. 
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NOTE: 

Hie  typical  soil  profile  is  intended  to 
convey  trends  in  subsurface  conditions . 

It  is  based  on  42  widely  spaced  explora¬ 
tions.  Hie  boundaries  between  strata  are 
average  boundary  elevations  and  vary  con¬ 
siderably  between  individual  explorations. 
Standard  penetration  test  values  are 
averages  for  a  particular  stratu  and  may 
vary  considerably  within  the  stratum. 
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NOTE: 

The  typical  soil  profile  is  intended  to 
convey  trends  in  subsurface  conditions. 

It  is  based  on  13  widely  spaced  explora¬ 
tions.  The  boundaries  between  strata  are 
average  boundary  elevations  and  vary  con¬ 
siderably  between  individual  explorations. 
Standard  penetration  test  values  are 
averages  for  a  particular  stratun  and  may 
vary  considerably  within  the  stratum. 
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PURPOSE 


The  purpose  of  this  report  is  to  estimate  the  Preliminary 
Real  Estate  costs  associated  with  flood  protection  regarding 
SENE  studies  for  implementation  of  a  regional  floodgate 
located  at  the  mouth  of  the  Saugus  River  in  the  cities  of 
Revere  and  Lynn  Massachusetts. 


INSPECTION  QE  XHE  REAL  ESTATE 

The  properties  within  the  study  areas  were  viewed  in  the 
field  during  the  summer  and  winter  of  1988,  by  this 
Appraiser. 

LOCATION 

The  subject  area  is  located  in  the  Northeasterly  section  of 
Massachusetts,  in  the  communities  of  Revere  and  Lynn,  within 
the  Counties  of  Suffolk  and  Essex. 


SCOPE 

The  proposed  floodgate  will  be  located  across  the  Saugus 
River,  tying  into  the  respective  lands  that  lie  adjacent  to 
the  river.  Along  with  the  floodgate  stone  revetments 
following  the  present  bulkhead  alignment  that  traverses  Lynn 
Harbor  will  be  necessary  as  well  as,  a  combination  of  rock 
revetments  and  walls  along  Rice  Avenue  up  to  and  including 
Carey  Circle.  In  addition  to  these  areas  the  M.D.C.Park  Dike, 
located  along  Revere  Beach  Boulevard,  a  tide  gate  at  Sales 
Creek  and  approximately  14±  acres  of  tidal  marsh  for 
mitigation  purposes  will  also  be  required. 

Five  alignments  will  be  addressed  with  separate  estimates 
for  each. 

By  implementing  this  regional  plan  (a  floodgate)  about  four 
communities.  Revere,  Lynn,  Saugus  and  a  very  small  portion  of 
Malden  will  be  protected  against  damages  caused  by  a 
Northeaster  type  storm. 

This  report  relates  to  the  SPN  (Standard  Project 
Northeaster)  which  necessitates  acquisition  of  permanent  and 
temporary  easement  interests  for  purposes  of  construction  and 
maintenance  of  a  tidal  barrier,  dikes,  concrete  gravity  and 
I-walls,  and  rock  revetments. 

Another  aspect  of  the  proposed  project  is  the  protection  of 
the  Estuary  which  will  be  used  as  a  ponding  or  storage  area 
during  periods  when  the  floodgates  are  closed.  Present  local 
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ordinances  and  state  statutes  are  adequate  to  protect  the 
integrity  of  the  estuary.  Because  of  these  regulations  I  have 
not  included  the  cost  of  acquisition  in  any  of  the  proposed 
Alignments  but  have  included  an  estimate  on  page  F-14. 


DESCRIPTION  QZ  PROJECT  AREA 

city  Revere 

The  City  of  Revere  is  located  on  the  Massachusetts  coast 
about  two  miles  northeast  of  the  City  of  Boston.  About  one- 
fifth  of  the  area  is  a  salt  marsh  adjacent  to  the  Pines  River 
Estuary,  and  about  one-third  of  the  city,  including  the  marsh 
area,  is  below  elevation  10  feet,  mean  sea  level. 

The  remainder  of  the  city  is  gently  rolling  with  a  few  steep 
hills,  the  highest  elevation  being  at  the  reservoir  on 
Fenno's  Hill  at  about  192  feet  above  mean  sea  level. 

Most  of  the  land  above  10  feet  mean  sea  level  is  fully 
developed.  Any  future  development  would  be  at  the  expense  of 
existing  uses.  The  population  of  the  city  is  about  43,000, 
and  on  peak  summer  days  more  than  20,000  people  visit  the 
3-1  /2  miles  of  Revere  Beach  for  recreational  purposes. 


City  of  Lvnn 

City  of  Lynn  is  located  in  Essex  County  in  the  eastern 
section  of  Massachusetts  on  the  northern  shore  of 
Massachusetts  Bay,  bordered  by  Saugus  and  Lynnfield  on  the 
west,  Saugus  River  on  the  southwest,  Peabody  and  Salem  on 
the  north,  Swampscott  and  the  Atlantic  Ocean  on  the  east  and 
Nahant  and  Revere  on  the  south.  It  is  11  miles  from  Boston. 
The  population  is  about  79,000  in  an  area  of  approximately 
11.21  square  miles.  During  the  1970-1980  decade,  the 
population  decreased  by  11,823  or  13.1%.  The  city  was 
Industrial  early  in  its  history  with  the  first  iron  smelting 
plant  in  America  being  established  there  in  1643.  Also,  it 
was  a  famous  shoe  city.  Today,  Lynn  is  a  diversified 
industrial  center. 

Rail  and  bus  facilities  are  available  in  Lynn.  The  Mass.  Bay 
Transportation  Authority  assures  this  area  of  adequate  mass 
transportation.  The  Boston  and  Maine  Railroad  serves  this 
area.  The  public  roads  and  highways  are  in  good  condition; 
the  principal  highways  serving  the  Lynn  area  are  state 
Rts.  107  and  129.  Logan  International  Airport  is  about  10 
miles  away. 
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City  a£  Sauaus 

Saugus  is  a  city  of  25,000  persons;  it  serves  as  the  gateway 
to  Boston's  North  Shore  and  is  10  miles  from  Boston.  It  is 
bordered  on  the  south  by  Revere,  southeast  by  the  Atlantic 
Ocean,  Melrose  and  Wakefield  on  the  southwest,  Lynnfield  on 
the  northwest  and  Lynn  on  the  north. 

Saugus  was  originally  a  farming  community;  it  then  changed  to 
industry  and  manufacturing  and  today  it  is  mostly 
residential.  Saugus  has  an  area  of  10.5  square  miles,  and 
it  has  excellent  schools.  There  are  churches  of  all 
denominations  in  the  town  and  large  and  small  shopping 
centers . 

State  Rts.  129,  C-l,  and  107  enter  and  serve  the  town,  as 
well  as  U.S.  Rt.  1.  Bus  service  is  provided  by  the 
Massachusetts  Bay  Transportation  Authority  and  Greyhound  Bus 
Company.  The  Boston  and  Maine  Railroad  services  the  town; 
and  Logan  International  Airport  and  the  Port  of  Boston  are  8 
miles  away. 
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The  areas  which  comprise  the  Floodgate  Plan  include  the 
Floodgate  Area,  (Saugus  River)  Lynn  Harbor,  Point  of  Pines, 
M.D.C.  Park  Dike,  14±  acre  Mitigation  area  and  Tide  Gate  at 
Sales  Creek. 


There  follows  a  description  of  each  area. 


FLOODGATE  AREA (SI 

There  are  five  alignments  for  the  location  of  the 
Floodgates. 

ALIGNMENT  1 

Alignment  one  commences  at  the  bulkhead  on  the  Lynn  side 
of  the  Saugus  River  about  700  feet  easterly  of  the  General 
Edwards  Bridge,  traverses  in  a  generally  southeasterly 
direction  for  approximately  600  feet  thence  turns  and 
traverses  in  a  southwesterly  direction  a  distance  of 
approximately  700  feet  terminating  at  the  wall  on  the 
northerly  side  of  Rice  Avenue  adjacent  to  Wadsworth  Avenue  in 
the  City  of  Revere. 
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ALIGNMENT  2 

Alignment  two  commences  at  the  bulkhead  on  the  Lynn  side 
of  the  Saugus  River  about  700  feet  easterly  of  the  General 
Edwards  Bridge,  traverses  in  a  generally  southerly  direction 
for  approximately  850  feet  thence  turns  and  traverses  in  a 
southeasterly  direction  a  distance  of  approximately  400  feet 
terminating  at  the  wall  on  the  northerly  side  of  Rice  Avenue 
adjacent  to  Witherbee  Avenue  in  the  City  of  Revere. 

NOTE;  Alignments  1  and  2  include  the  Point  of  Pines  area 
while  Alignments  3,4  and  5  do  not.  Also  not  included  in 
Alignments  1  and  2  is  Reach  "A"  of  the  Lynn  Harbor 
Alignment. 

ALIGNMENT  2 

Alignment  3  would  be  located  approximately  one  hundred 
(100)  feet  easterly  of  the  General  Edwards  Bridge,  commencing 
at  the  bulkhead  on  the  northerly  side  of  the  Saugus  River 
adjacent  to  the  northeasterly  abutment  of  the  General  Edwards 
Bridge,  and  traversing  in  a  general  southerly  direction  a 
distance  of  approximately  1,350  feet,  terminating  in  the 
southeasterly  abutment  of  the  bridge  adjacent  to  the  Point  of 
pines  Yacht  Club  . 

ALIGNMENT  4. 

Alignment  4  would  be  located  approximately  one  hundred 
(100)  feet  westerly  of  the  General  Edwards  Bridge,  commencing 
at  the  northwesterly  abutment  of  the  General  Edwards  Bridge, 
and  traversing  in  a  general  southerly  direction  a  distance  of 
approximately  1,320  feet,  terminating  in  the  southwesterly 
abutment  of  the  bridge  adjacent  to  the  building  (restaurant) 
formerly  know  as  Jacob's  Ladder. 

ALIGNMENT  £ 

Alignment  5  would  be  located  approximately  four  hundred 
eighty  (480)  feet  westerly  of  the  General  Edwards  Bridge, 
commencing  at  the  northwesterly  side  of  the  General  Electric 
saltwater  intake  pipe,  and  traversing  in  a  general 
southwesterly  direction  a  distance  of  approximately  520  feet, 
thence  turns  and  traverse  in  a  southerly  direction  a  distance 
of  approximately  1,000  feet  terminating  at  the  bulkhead  of 
Fowler  Marina  Inc. 


LYNN  HARBOR  AREA 

NOTE:  Reaches  "A"  through  "D"  follow  the 
existing  bulkhead  alignment. 
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REACH  "A" 

Reach  "A"  commences  at  the  easterly  abutment  of  the  General 
Edwards  Bridge  and  traverses  in  an  easterly  direction  along 
the  bulkhead  for  a  distance  of  approximately  700  feet, 
terminating  at  a  dog  leg  in  the  bulkhead  where  Reach  "BM 
begins . 

REACHES  "B"  and  "C" 

Reach  MB"  commences  at  the  dog-leg  of  the  bulkhead  and 
traverses  in  a  general  northeasterly  direction  a  distance  of 
approximately  1,800  feet  to  a  point  where  it  intersects  with 
Reach  "C"  and  continues  in  the  same  general  direction  a 
distance  of  approximately  1,500  feet  to  a  point  adjacent  to 
the  Gloucester  Corporation,  where  it  intersects  with  Reach 
"D".  Both  of  these  reaches  follow  the  bulkhead  alignment. 


REACH  "D" 

Reach  "D"  is  divided  into  four  sections  and  is  comprised  of 
approximately  3,125  linear  feet.  "Dl"  commences  at  the 
intersection  of  Reach  "C",  follows  the  same  direction  for  an 
approximate  distance  of  1,065  feet  to  the  corner  of  the 
bulkhead  of  Bay  Marine  where  ND2N  commences  and  traverses 
along  the  following  courses  as  stated  in  a  northwesterly  and 
southerly  direction  for  280,  30,  10,  30,  and  370  feet 
respectively,  terminating  at  the  corner  of  the  bulkhead  of 
Boston  Gas  Company  where  WD3"  intersects.  "D3H  follows  the 
same  alignment  as  the  existing  wall  of  Boston  Gas  for  an 
approximate  distance  of  630  feet  where  it  intersects  with 
"D4".  Then  "D4"  turns  and  traverses  along  the  following 
courses  and  distances:  northerly,  160  feet;  northwesterly, 
110  feet  to  the  boat  ramp  and  parking  area  where  a  40  foot 
gate  will  have  to  be  installed;  then  along  Lynn  Harbor  Marine 
for  150  feet;  thence  turning  and  traversing  m  a 
northeasterly  direction  for  approximately  160  feet,  thence 
turns  and  traverses  in  a  northwesterly  direction 
approximately  130  feet  where  it  intersects  with  Reach  "E". 

REACH  "E"  4  "F" 


Reach  "E"  traverses  in  a  northeasterly  direction  for 
approximately  1,100  feet  where  it  intersects  with  "F". 

Then  "F"  turns  and  traverses  in  a  northeasterly  direction  for 
approximately  1,440  feet  terminating  at  the  Heritage  Park 
retaining  wail.  These  alignments  follow  the  shoreline  of 
Eastern  Smelting  &  Refining  Corporation,  Norelco  Lighting, 
Goodman  and  Trans  Continental. 
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POINT  OZ  EWES.  AREA 


Reach  "A"  would  commence  on  the  westerly  side  of  Carey  Circle 
and  would  traverse  in  an  easterly  direction  a  distance  of 
about  230  feet  ending  at  Reach  "B".  A  stone  revetment  at 
elevation  13.2  feet  would  be  constructed  throughout  this 
reach. 

Reach  "B"  commences  at  Reach  NA'sN  termination  and  would 
continue  to  traverse  in  an  easterly  direction  for  a  distance 
of  about  1320  feet  including  Reaches  "C  and  "D"  as  well.  A 
stone  revetment  at  elevation  16.0  and  14.5  (D)  feet  would  be 
constructed  throughout  these  Reaches.  Upon  joining  Reach  "E" 
there  is  an  area  of  transition  from  stone  revetment  to  a 
stone  revetment  and  sand  dune,  which  continues  in  an  easterly 
direction  to  Reach  "F"  a  distance  of  about  1600  feet. 

Reach  "F"  commences  at  the  concrete  wall  at  the  easterly  end 
of  Rice  Avenue  and  traverses  about  200  feet  at  which  point  it 
turns  and  traverses  in  a  northerly  direction  a  distance  of 
about  1035  feet,  (400  feet  for  floodgate  alignment  #1  and  700 
feet  for  floodgate  alignment  #2). 


M.D.C.  Park  Gi&fi  &  WALL 

The  M.D.C.  Park  Dike  contains  approximately  8.50+  acres 
which  is  all  of  the  land  between  Beach  and  Revere  Streets  and 
between  Ocean  Avenue  and  Revere  Beach  Boulevard,  except  for  a 
block  of  land  at  the  Beach  Street  end  and  that  area  where  the 
M.D.C.  Police  Station  is  situated.  A  Dike  is  proposed  for 
this  area  and  will  encompass  virtually  all  of  the  acreage. 

The  ponding  area  wall  includes  about  0.04+  acres  between  the 
Boulevard  and  Route  1A  (North  Shore  Road) . 


TIDAL  GATE  SALES  CREEK 

A  Tidal  Gate  adjacent  to  the  intersection  of  Revere  Beach 
Parkway  and  North  Shore  Road  and  in  Sales  Creek  is  required 
and  will  require  about  .023  acres  of  abutting  lands  for 
access  and  maintenance  purposes. 
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14+  ACRE  SEAPLANE  BASIN.  CLAM  FLAT  MITIGATION  AREA 

Due  to  project  impacts  on  shellfish  resources,  a  mitigation 
area  located  at  the  Seaplane  Basin  containing  approximately 
14+  acres  is  required. 

In  order  to  maintain  the  integrity  of  this  area  a  dike 
surrounding  the  entire  mitigation  area  will  be  constructed. 
Part  of  the  area  required  for  the  dike  will  be  used  for 
permanent  stockpiling  of  the  salty  sand  material  removed  from 
between  elevation  9.0  and  -4.0. 


GOVERNMENT  OWNED  FACILITIES 

Section  III  of  the  Act  of  Congress  approved  8  July  1958,  (PL 
85-500)  authorized  the  protection,  realteration, 
reconstruction,  relocation  or  replacement  of  municipally- 
owned  facilities.  A  preliminary  inspection  of  the  project 
areas  indicated  no  Government  owned  facilities  would  be 
affected 


RIGHTS  IQ  fiE  ACQUIRED 

Local  interests  will  be  required  to  provide  all  lands, 
easements  and  rights-of-way  necessary  for  project  purposes. 


FEE  AREAS 

There  are  no  known  areas  requiring  fee  acquisition  at  this 
time.  However,  if  the  parking  area  presently  under  easement 
to  the  M.D.C.  (Metropolitan  District  Commission)  and  used  in 
conjunction  with  the  fishing  pier  is  terminated,  then  fee 
acquisition  of  a  one  acre  parcel  would  be  necessary. 


PERMANENT  EASEMENT  AREAS 

Permanent  easements  for  construction  and  maintenance 
purposes  are  necessary.  Preliminary  investigations  indicate 
that  after  the  imposition  of  the  permanent  easement  interest, 
the  highest  and  best  use,  at  the  present  time,  of  the 
remainders  of  the  properties  affected  will  not  be  materially 
affected.  However,  it  is  historically  known  that  the  mere 
knowledge  and  existence  of  the  imposition  infers  a 
restrictive  aspect.  Therefore,  the  cost  to  acquire  the 
permanent  easement  interest  would  be  equivalent  to  the 
underlying  fee  value  since  those  uses  would  be  for  project 
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purposes.  However,  lands  would  remain  in  their  private 
ownerships  to  maintain  conformity  of  their  existing  lot 
areas.  The  estimated  costs  for  the  permanent  easement  rights 
are  predicated  on  the  assumption  that  construction  methods 
will  be  of  the  excavation  and  placement  methods  and  would  not 
adversely  affect  surface  or  near-surface  improvements.  If  it 
is  determined  and  found  that  selected  methods  of  construction 
would  cause  damage  to  surface  or  near-surface  improvements, 
then  the  estimated  costs  for  easement  rights  would  not  remain 
valid  and  a  new  in-depth  real  estate  study  of  the  proposed 
taking  would  be  required. 

The  permanent  easement  estimates  vary  from  one  alignment 
to  another  and  will  be  shown  under  the  estimate  of  real 
estate  costs,  by  alignment  and  in  the  Addenda  of  this  report. 


TEMPORARY  EASEMENTS 

Temporary  easements  35  to  50  feet  wide,  on  either  side  of 
dikes,  walls,  barrier  and  all  other  areas  requiring 
construction  or  excavation  are  necessary,  where  available, 
during  the  construction  period  as  well  as  staging  areas 
adjacent  to  the  work  site(s) .  The  staging  areas  identified 
are  for  planning  purposes  only  and  are  as  follows: 
approximately  one  acre  on  the  Lynn  side  adjacent  to  the 
General  Edwards  Bridge  and  along  side  the  bulkhead.  This  area 
is  identified  for  Barrier  Alignments  1  thru  3.  Alignments  4 
and  5  could  utilize  the  area  of  the  former  Wonderland  Dog 
Kennels  as  well  as  an  area  at  Gibson  Park. 

In  lieu  of  repeating  the  requirements  for  each  segment 
by  area  or  reach,  only  the  total  area  and  value,  will  be 
shown  under  the  estimate  of  real  estate  costs,  by  alignment 
and  in  the  Addenda  of  this  report. 

The  estimated  values  are  based  on  comparable  market  data 
and  reflect  a  fair  rate  of  return  for  the  use  of  the  owners 
land  for  about  one  year,  at  15%  per  annum.  Actual  estimates 
will  be  reflected  in  appraisals  and  may  be  higher  or  lower 
due  to  market  and  economic  conditions  or  trends  in  the  area 
at  that  time. 


ACQUISITION  COSTS 

Acquisition  costs  will  include  costs  for  mapping, 
surveying,  legal  descriptions,  title  evidence,  negotiations, 
closing  and  administrative  costs  for  possible  condemnations. 
The  acquisition  costs  are  based  upon  this  office's  experience 
in  similar  civil  works  projects  in  the  general  area  and  are 
estimated  at  $6,000.00  per  ownership  including  the  cost  of 
appraisals. 
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RELOCATION  COSTS 

Public  Law  91-646,  Uniform  Relocations  Assistance  Act  of 
1970,  provided  for  uniform  and  equitable  treatment  of  persons 
displaced  from  their  homes,  businesses,  or  farms  by  a 
Federally  Assisted  Program.  It  also  established  uniform  and 
equitable  land  acquisitions  policies  for  these  projects. 
Included  among  the  items  under  PL  91-646  are  the  following: 

a.  Moving  Expenses 

b.  Relocation  Allowance  (Business) 

c.  Replacement  Housing  (Homeowners) 

d.  Replacement  Housing  (Tenants) 

e.  Relocation  Advisory  Services 

f .  Recording  Fees 

g.  Transfer  Taxes 

h.  Mortgage  Prepayment  Costs 

i.  Real  Estate  Tax  Refunds  (Pro-Rata) 


Preliminary  investigations  indicate  that  none  of  the 
ownerships  will  require  relocation  assistance  at  this  time. 
Should  the  existing  preliminary  taking  lines  be  changed  to 
include  improvements,  then  the  taking  authority  must  certify 
that  there  will  be  available,  in  areas  generally  not  less 
desirable  and  at  rents/prices  within  the  financial  means  of 
those  that  would  be  displaced,  decent,  safe  and  sanitary 
facilities,  equal  in  number  to  the  number  of,  and  available 
to,  such  displaced  persons  who  require  such  dwellings  and 
reasonably  accessible  to  their  places  of  employment. 

The  ownerships  affected  by  the  permanent  easement  interests 
vary  according  to  the  plan  and  are  reflected  in  the 
recapitulation  of  real  estate  costs.  Therefore,  an  estimate 
of  $  200.00  per  ownership  is  carried  for  planning  purposes 
and  is  limited  to  expenses  incidental  to  the  transfer  of  real 
estate  interests. 


SEVERANCE  DAHASES 

Severance  damages  usually  occur  when  partial  takings  are 
acquired  which  restrict  the  remaining  portion  from  full 
economic  development.  The  severance  damages  are  measured  and 
estimated  on  the  basis  of  a  "Before"  and  "After"  appraisal 
method  and  will  reflect  actual  value  loss  incurred  to  the 
remainder  as  a  result  of  partial  acquisition.  Detailed 
appraisals  will  reflect  these  losses. 

Preliminary  investigations  indicate  that  two  ownerships  may 
be  affected  by  Alignments  4  and  5,  the  restaurant  (formerly 
Jacob's  Ladder)  at  the  bridge  abutment  and  a  portion  of 
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Captain  Fowlers  Marina.  To  estimate  what  the  damages  might  be 
at  this  time  would  be  fruitless  or  near  impossible  due  to  a 
number  of  reasons,  such  as,  the  need  for  detailed  plans 
depicting  the  limits  of  construction  as  well  as  the  fact  that 
both  these  areas  are  being  scheduled  for  some  type  of 
condominium  project  in  the  future.  Depending  upon  the  type  of 
project  proposed  it  could  or  may  have  a  severe  impact  on  our 
proposed  project. 


PROTECTION  AND  ENHANCEMENT  CULTURAL  ENVIRONMENT 

In  accordance  with  instruction  set  forth  in  Teletype  DA 
(DAEN)  R  191306A,  dated  October  1971,  Subject:  ”£011593,  13 
May  1971,  Protection  and  Enhancement  of  Cultural 
Environment”;  a  study  has  been  made  in  the  subject  areas. 

The  study  revealed  that  no  local,  State,  Federally  owned  nor 
Federally  controlled  property  of  historical  significance 
would  fall  within  the  provisions  of  E011593. 


CONTINGENCIES 

A  contingency  allowance  of  25  percent  is  considered  to  be 
reasonably  adequate  to  provide  for  possible  appreciation  of 
property  values  from  the  time  of  this  estimate  to  the 
acquisition  date,  for  possible  minor  property  line 
adjustments  or  for  additional  hidden  ownerships  which  may  be 
developed  by  refinement  to  taking  lines,  for  adverse 
condemnation  awards  and  to  allow  for  practical  and  realistic 
negotiations . 


WATER  RIGHTS 

Lands  that  would  be  acquired  for  project  purposes  may 
affect  riparian  interests.  Upon  selection  of  an  option  or 
plan  and  refinement  of  all  alignments,  an  m-depth  study  of 
the  ownerships  affected  would  be  conducted  to  determine  any 
damage  resulting  from  the  proposed  acquisition.  However, 
actual  damages  would  be  reflected  in  the  acquisition 
appraisals. 


29NING 

The  lands  affected  by  the  various  plans  are  zoned  for: 
residential,  commercial,  industrial,  condominiums,  wetlands 
and  just  about  any  other  allowed  or  existing  use  within  the 
respective  zoning  district. 
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HIGHEST  AND  BEST  USE 


The  highest  and  best  use  of  the  affected  properties  is 
considered,  in  most  cases,  to  be  their  present  use. 


EVALUATION  M2  CONCLUSION 

The  areas  of  study  for  the  various  plans  are  based  upon 
preliminary  Engineering  Division  and  assessors  plans. 

All  alignments  for  dikes,  walls,  excavation  and  any  other 
components  which  make  up  the  various  elements  of  the  proposed 
project,  regarding  real  estate  interests  are  subject  to 
refinement  prior  to  any  proposed  construction. 

The  values  of  lands  and  improvements  within  the  study  areas 
have  been  estimated  by  the  market  data  or  comparables  sales 
approach.  Local  assessors,  real  estate  brokers,  appraisers 
and  other  knowledgeable  persons  were  contacted  to  secure  data 
during  the  valuation  process.  Numerous  sales  were  analyzed 
and  the  upper  value  for  each  category  of  land  and 
improvements  were  used  in  the  final  estimate (s)  of  value. 
(Primary  unit  values  used  were  $1,500  per  acre  marsh/wetlands 
and  $15  per  square  foot  in  the  commercial  area.) 

There  is  no  easy  or  simple  way  in  which  real  estate  sales 
can  be  mathematically  reduced  to  a  simple  value  indicator. 
Each  transaction  involves  not  only  individual  needs,  wishes 
and  wants  of  a  particular  buyer  or  seller  at  the  time  of  sale 
but  the  properties  themselves  vary  widely  as  to  size,  shape, 
frontage,  exposure,  location  access,  soil  conditions  and 
topography.  He  have  used  as  the  best  common  denominator  the 
price  per  square  foot  and/or  the  price  per  acre  with  a  full 
understanding  that  these  unit  values  may  be  the  best  index 
but  by  no  means  can  they  reflect  all  problems  for  a  given 
parcel,  area,  lot  or  community. 

On  the  following  pages  are  a  recapitulation  or  real  estate 
costs  by  Alignments. 
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ALIGNMENTS  1  &  2 

INCLUDES  LYNN  HARBOR,  POINT  OF  PINES,  M.D.C. 
PARK  DIKE,  SALES  CREEK  TIDAL  GATE, 

14+  ACRE  MITIGATION  AREA  AND  1  ACRE  PARKING  AREA 


Permanent  Easements 

29 . 26+  acres  Private  &  Public  Ownership 


Rounded  to  closest  Sl.QQQ 
$  1,795,000 


Temporary  Easements 

24.67+  acres  Private  &  Public  Ownership 
Total  Permanent  &  Temporary  Easement  Costs 
Contingency-  25%  of  above 
Total  Estimated  Easement  Costs 


1  l,Q.4$,,Qi?Q. 
$  2,841,000 
1  710.250 


$  3,551,250 


Relocation  Assistance  Costs 

15  Private  &  Public  Ownerships  @  $200 

Acquisition  Costs 

15  Private  &  Public  Ownerships  @  $6,000 

Total  Estimated  Real  Estate  Costs 


$  3,000 

£  90.000 
$  3,644,250 


Call 


$  3,644,000 


ALIGNMENT  3 

INCLUDES  LYNN  HARBOR,  M.D.C.  PARK  DIKE, 

PARK  DIKE,  SALES  CREEK  TIDAL  GATE, 

14+  ACRE  MITIGATION  AREA  AND  1  ACRE  PARKING  AREA 


Permanent  Easements 

25.26+  acres  Private  &  Public  Ownership 


Bounded  to  slgsost 

$  1,789,000 


Temporary  Easements 

19.48+  acres  Private  &  Public  Ownership  £  1.021.000 
Total  Permanent  &  Temporary  Easement  Costs  $  2,810,000 
Contingency-  25%  of  above  1  702.500 
Total  Estimated  Easement  Costs 


$  3,512,500 


Relocation  Assistance 
7  Private  6  Public 

Acquisition  Costs 

7  Private  &  Public 


Costs 

Ownerships  §  $200 
Ownerships  @  $6,000 


$  1,400 

£  42 . 000 


Total  Estimated  Real  Estate  Costs 


F-12 


Call 


$  3,555,900 
$  3,556,000 


ALIGNMENT  4 

INCLUDES  LYNN  HARBOR,  M.D.C.  PARK  DIKE, 

PARK  DIKE,  SALES  CREEK  TIDAL  GATE, 

14+  ACRE  MITIGATION  AREA  AND  1  ACRE  PARKING  AREA 

Permanent  Easements  Rounded  to  closest  $1 . OOP 

25.32+  acres  Private  &  Public  Ownership  $  1,922,000 


Temporary  Easements 

20.48+  acres  Private  &  Public  Ownership 
Total  Permanent  &  Temporary  Easement  Costs 
Contingency-  25%  of  above 
Total  Estimated  Easement  Costs 


$  3,798,750 


Relocation  Assistance  Costs 

7  Private  &  Public  Ownerships  @  $200  $  1,400 

Acquisition  Costs 

7  Private  &  Public  Ownerships  6  $6,000  1  42 , 000 

Total  Estimated  Real  Estate  Costs  $  3,842,150 


Call  $  3,842,000 


ALIGNMENT  5 

INCLUDES  LYNN  HARBOR,  M.D.C.  PARK  DIKE, 

PARK  DIKE,  SALES  CREEK  TIDAL  GATE, 

14+  ACRE  MITIGATION  AREA  AND  1  ACRE  PARKING  AREA 

Permanent  Easements  Rounded  to  closest  $1.000 

25.39+  acres  Private  &  Public  Ownership  $  1,968,000 

Temporary  Easements 

20.48+  acres  Private  &  Public  Ownership  £  1.117.000 
Total  Permanent  &  Temporary  Easement  Costs  $  3,085,000 
Contingency-  25%  of  above  £  771.250 

Total  Estimated  Easement  Costs  $  3,856,250 


Relocation  Assistance  Costs 

8  Private  &  Public  Ownerships  0  $200  $  1,600 

Acquisition  Costs 

8  Private  &  Public  Ownerships  @  $6,000  £  48 . 000 

Total  Estimated  Real  Estate  Costs  $  3,905,850 

Call  $  3,906,000 
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ESTUARY  (SALT  MARSH)  ACQUISITION 


Permanent  Easements  or  Fee 

1650+  acres  Private  &  Public  Ownership  $  2,475,000 

Contingency-  25%  of  above  1  618 .750 

Total  Estimated  Easement  or  Fee  Costs 

Relocation  Assistance  Costs 
360  Private  4  Public  Ownerships  @  $200 

Acquisition  Costs 

360  Private  &  Public  Ownerships  @  $6,000 

Total  Estimated  Real  Estate  Costs 

Call 


$  3,093,750 

$  72,000 

£  2.160.000 
$  5,325,750 
$  5,326,000 


ADDENDA 


ALIGNMENTS  1  & 


ALIGNMENT  3 


ALIGNMENT  4 


ALIGNMENT  5 


SAUGUS  RIVER  FLP9PQATE 
PERMANENT  EASEMENTS 


ESTIMATED 

2  ACRES  VALUE 


A 

Lynn  Harbor 

1.470 

$ 

968,625 

B 

Point  of  Pines 

4.000 

$ 

6,000 

c 

Access 

.152 

$ 

2,000 

D 

MDC  Park  Dike 

8.540 

$ 

85,000 

E 

Parking  Area 

1.079 

$ 

705,000 

F 

Sales  Creek 

.023 

$ 

500 

G 

Mitigation  Area 

14.000 

$ 

28,000 

29.260 

$1 

,795,125 

A, 

Lynn  Harbor 

1.470 

$ 

968,625 

C, 

Access 

.152 

$ 

2,000 

D; 

MDC  Park  Dike 

8.540 

$ 

85,000 

E 

Parking  Area 

1.079 

$ 

705,000 

F 

Sales  Creek 

.023 

$ 

500 

G, 

Mitigation  Area 

14.000 

$ 

28,000 

25.260 

$1, 

789,125 

A; 

Lynn  Harbor 

1.470 

$ 

968,625 

c( 

Access 

.207 

$ 

135,000 

D; 

MDC  Park  Dike 

8.540 

$ 

85,000 

E, 

Parking  Area 

1.079 

$ 

705,000 

F 

Sales  Creek 

.023 

$ 

500 

G, 

Mitigation  Area 

14.000 

$ 

28,000 

25.320 

$1# 

922,125 

A, 

Lynn  Harbor 

1.470 

$ 

968,625 

c, 

Access 

.276 

$ 

180,000 

D, 

MDC  Park  Dike 

8.540 

$ 

85,000 

Ei 

Parking  Area 

1.079 

$ 

705,000 

Fj 

Sales  Creek 

.023 

$ 

1,500 

G, 

Mitigation  Area 

14.000 

$ 

28,000 

25.390 

$1, 

968,125 
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SAUGUS  RIVER  FLOODGATE 


TEMPORARY  EASEMENTS 


ESTIMATED 

ALIGNMENTS 

1 

&  2 

ACRES 

VALUE 

A; 

Lynn  Harbor 

9.730 

$  6,624,400 

B; 

Point  of  Pines 

4.940 

$  5,000  (NOMINAL) 

C; 

Barrier 

.500 

$  326,700 

D; 

MDC  Park  Dike 

-0- 

$  -0- 

E; 

Parking  Area 

-0- 

$  -0- 

F; 

Sales  Creek 

.500 

$  500 

G; 

Mitigation  Area 

9.000 

$  18,000 

24.670 

$  6,974,600 

Xl5% 

$  1,046,190 

ESTIMATED 

ALIGNMENT 

3 

ACRES 

VALUE 

A; 

Lynn  Harbor 

9.730 

$  6,624,400 

C; 

Barrier 

.250 

$  163,500 

D; 

MDC  Park  Dike 

•0— 

$  -0- 

E; 

Parking  Area 

-0- 

$  -0- 

F; 

Sales  Creek 

.500 

$  500 

G; 

Mitigation  Area 

9.000 

$  18,000 

19.480 

$  6,806,400 

Xl5% 

$  1,020,960 

ESTIMATED 

ALIGNMENT 

4 

ACRES 

VALVE 

A; 

Lynn  Harbor 

9.730 

$  6,624,400 

C; 

Barrier 

1.250 

$  803,400 

D; 

MDC  Park  Dike 

-0- 

$  -0- 

E; 

Parking  Area 

-0- 

$  -0- 

F? 

Sales  Creek 

.500 

$  500 

G; 

Mitigation  Area 

9.000 

$  18,000 

20.480 

$ 

7,446,300 

Xl5% 

$ 

1,116,945 
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ALIGNMENT  5 


SAUGUS  RIVER  FLOODGATE 
TEMPORARY  EASEMENTS 


ESTIMATED 
ACRES  VALUE 


A; 

Lynn  Harbor 

9.730 

$  6,624,400 

C; 

Barrier 

1.250 

$  803,400 

D? 

MDC  Park  Dike 

-0- 

$  -0- 

E; 

Parking  Area 

-0- 

$  -0- 

F? 

Sales  Creek 

.500 

$  500 

G; 

Mitigation  Area 

9.000 

$  18,000 

20.480 

$  7,446,300 

xl5% 
$  1,116,945 
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